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I.  On  the  ways  which  federal  bodies  turn  ; 
tranjlated  by  Mr.  Chambers. 

-f0"  §  I  S  not  only  undcrftandingthat  we  want 
for  the  difcovery  of  natural  caules,  but 
.JL  we  feem  alfo  to  want  eyes  for  the  per¬ 
ceiving  of  efredts,  and  a  thoufand  things  are  con¬ 
tinually  prefenting  themfelves,  which  we  never 
fee. 

How  few  people  have  obferved,  that  the  fhells 
of  fnails,  which  are  fpirals  wound  about  a  kind 
of  cone,  are  all  wound  the  fame  way  in  the  fame 
fpecies  ;  and  what  is  more,  the  fame  way  in  ah 
moft  all  fpecies  is  from  left  to  right,  confidering 
them  with  the  point  upwards.  M.  Parent ,  after 
feveral  enquiries  among  all  the  1 .  id,  river,  fea, 
and  even  hone  fnails,  has  r  found  ::  ree  kinds, 
whofe  fhells  are  turned  rom  ri :  'it  to  left. 
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The  fame  obfervation  he  has  extended  to  plants. 
There  are  a  multitude  of  plants,  which  have 
either  their  items,  flowers,  or  pods  twilled  a  cer¬ 
tain  way  :  others,  whofe  flowers,  or  feeds,  are 
fattened  fpirally  around  the  Item  ;  and  confe- 
quently  are  fattened  thereto  in  a  determinate  way. 
Now  this  way  is  always  the  fame  in  the  fame  fpe- 
cies  and  what  is  more,  M.  Parent ,  having  made 
the  mott  complete  enumeration  of  the  feveral 
kinds  of  plants,  with  refpedt  to  fuch  properties, 
has  always  found,  that  one  certain  way  prevailed  *, 
that  is,  for  inttance,  that  for  33  fpecies  of  plants, 
whofe  Items  were  twitted  to  the  right,  there  were 
only  4  which  had  un twitted  the  other  ways  ;  and 
that  for  15  fpecics  of  pods  twitted  to  the  left, 
there  were  only  2  to  the  right. 

M.  Parent  has  likewife  obferved,  that  the  fi¬ 
bres  of  the  human  heart  are  always  twitted  the 
fame  way  •,  the  external  ones  from  right  to  left 
defcending,  and  the  internal  ones  the  fame  way 
afcending  and  that  on  the  contrary,  the  little 
tuft,  formed  by  the  young  hairs  on  the  top  of  the 
head,  is  alinofl  always  twitted  from  left  to  right, 
with  regard  to  the  perfon  it  is  on. 

It  may  fuflice  to  have  hinted,  that  there  are 
obfervations  to  be  made  upon  fuch  kinds  of  fub- 
je£ts,  commonly  fo  little  obferved  ^  and  that  a 
man  may  turn  his  eyes  and  attention  that  way, 
every  body  hereafter  will  find  the  like  occafions 
enough  in  nature. 

Hie  conftant  and  invariable  determination  in 
fomc  parts,  whether  of  a  plant,  or  an  animal,  to 
be  twilled  the  fame  way,  does  doubtlefs  arife  from 
the  feed  or  the  egg  and  this  is  a  new  proof,  that 
generation  is  only  unfolding-,  but  who  gave  the 
c££  or  the  feed  this  determination  ? 
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The  fame  queftion  may  be  made,  as  to  the  way 
wherein  the  planets  turn  ;  and  the  whole  may  be 
referred  to  the  arbitrary  will  of  him  who  made  the 
univerfe.  Another  queftion,  viz.  why  a  greater 
number  of  plants,  or  ftiells,  are  twifted  a  cer¬ 
tain  way  muft  be  folved  from  the  concatenation 
of  fecond  caufes  ? 

M.  Parent  conjectures,  that  this  may  have 
fome  dependance  on  the  lyftem  of  the  loadftone. 
He  is  convinced,  that  we  may  admit  two  vortices 
of magnetical  matter,  which  winds  fpirally  around 
the  earth,  and  along  its  axis,  in  two  ways  oppo- 
ftte  to  each  other  *,  one  whereof  ifllies  at  one  he- 
mifphere,  and  the  other  at  theoppofite  one.  This 
magnetical  matter  is  fubtile  enough  to  penetrate 
bodies,  and  confequently  the  eggs  or  feeds  of 
bodies  ;  and  if  by  any  caufe  whatever,  one  of 
the  vortices  be  more  difpofed  to  penetrate  certain 
feeds  or  eggs,  than  the  other,  it  will  twift  them 
in  its  own  way.  Each  vortex  perhaps  may  com¬ 
monly  have  moft  power  in  the  hemifphere  it  if- 
fues  at,  on  which  footing  the  bodies  capable  of 
being  thus  twifted,  fhould  effeCt  a  contrary  way 
in  the  fouthern  hemifphere  from  what  they  efteCt 
in  ours ;  but  this  notion  wants  to  be  confirmed  by 
obfervations. 

II.  Of  a  little  inf  eft ,  called  puceron. 

M.  de  la  Hire  has  obferved  the  little  in  fe&s, 
called  pucerons ,  becaufe  they  are  like  little  green 
[puces~\  fleas.  They  fallen  themfelves  to  the  young 
fhoots  of  trees  and  plants,  and  deftroy  a  part  of 
them.  The  leaves  under  which  they  place  them¬ 
felves,  curl  quite  up,  and  ferve  them  at  the  lame 
time  fora  covering  againft  the  injuries  of  the  air, 
and  for  nourilhment.  They  hatch  about  the  mid¬ 
dle 
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die  of  fpring,  and  grow  very  confiderably  in  a- 
bout  a  month.  They  have  3  feet  on  each  fide* 
and  two  pretty  long  horns  on  their  heads.  They 
are  of  a  long  rounded  fhape,  the  head  fmall,  with 
2  eyes  of  a  reddifh  brown.  Some  time  after¬ 
wards,  they  are  feen  with  wings.  M.  de  la  Hire 
bas  found  on  the  plants,  which  they  eat  fo  great 
a  quantity  of  white  fpoils,  containing  the  feet 
and  horns  of  this  animal,  that  he  does  notqueflion 
their  being  coverings,  which  the  pucerons  quit, 
which  have  their  horns  and  legs  fadened  to 
them,  and  hide  the  little  wings,  which  they  mud 
ufe,  after  the  legs  are  fallen  off.  Thefe  wings  en¬ 
tirely  difengage  themfelves  in  half  an  hour  *,  they 
are  then  very  white,  but  after  they  are  difengaged, 
they  grow  black  by  degrees,  and  perfedlly  like 
thofe  of  the  common  flies.  The  head  of  the 
infedt  becomes  black  alfo,  the  body  brown,  and 
it  diminifhes  a ’little  in  bignefs. 

Here  then  is  a  fpecies  of  infedls,  which,  from 
walking,  come  to  fly,  without  pafling  as  mod 
other  flying  infedls  do,  thro’  the  date  of  an  au- 
relia ,  or  chryfalis .  Indead  of  palling  thro’  this 
metamorphofis,  thefe  pucerons  quit  their  covering  *, 
it  perfedlly  refembles  that  with  which  the  frogs 
are  cloathed,  when  they  are  in  the  date  of  tad¬ 
poles,  incapable  of  walking  on  the  ground,  and 
fit  only  to  fwim. 

M .de  la  Hire  thinks  the  pucerons  live  a  whole 
year,  and  that,  during  the  winter,  they  retire 
into  holes,  whence  they  come  out  in  the  fpring 
to  lay  their  eggs,  as  the  common  flies  do. 

The  ants  are  very  fond  of  the  pucerons .  They 
gather  in  great  quantities  on  the  plants  where  they 
are,  and  the  difeafes  of  thefe  plants  are  imputed 
to  them  ;  but  they  are  pucerons  that  have  done 

all 
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ail  the  harm  j  and  the  ants  have  only  drawn  them 
thither. 


III.  Of  the  yellow  amber . 

M.  Gall  and ,  of  the  academy  of  infcriptions, 
has  confirmed  the  academy  of  fciences  in  what 
was  faid  of  the  yellow  amber,  in  the  hiftory  of 
1700  *.  He  found  fome  of  it  at  Marfeilles ,  on 
the  fea  fhore,  in  a  place  where  there  were  no  trees, 
and  where  the  fea  was  bounded  only  by  very  deep 
rocks,  which  were  beaten  by  the  waves  in  rough 
weather.  The  yellow  amber  muft  have  been  de¬ 
tached  from  the  clefts  of  thefe  rocks,  whence  it 
fell  into  the  fea. 

IV.  Of  a  valuable  fort  of  alabajler. 

At  the  fame  time  M.  Galland  informed  the 
academy,  that  he  had  feen  at  the  feat  of  the  illuf- 
trious  M.  Puget,  of  Marfeilles ,  fome  columns  of 
alabafter  of  different  colours,  and  very  precious. 
It  is  fo  tranfparent,  that  thro*  the  very  perfect 
polifh  of  which  it  is  capable,  one  may  fee  above 
two  fingers  into  its  thicknefs  the  agreeable  variety 
of  colours  with  which  it  is  embellifhed.  M.  Pu¬ 
get  told  M.  Galland ,  that  he  was  the  only  perfon 
who  knew  the  quarry,  tho5  it  was  not  far  from 
Marfeilles . 

v.  Of  a  bottle  of  water  kept  for  a  great 

'many years. 

M.  Dodart  fhewed  a  bottle  of  water  of  Sainte 
Reine ,  kept  ever  fince  the  year  1678,  without 
any  corruption,  or  any  fediment  that  appeared  at 

*  SeeVoh  I '  pag.  186  of  this  abridgment. 
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the  bottom.  There  was  however  a  little  air  in 
the  bottle.  The  wicker  of  it  was  rotten.  Upon 
breaking  it,  there  was  found  at  the  bottom  a 
light  earthy  fediment,  which  had  nothing  faline 
in  it.  Some  only  were  of  opinion,  that  this 
earth  might  be  a  little  tartarous. 

VI.  Of  a  furprijtng  recovery  from  deafnefs 

and  dambnefs . 

M.  Felibien ,  of  the  academy  of  infcriptions, 
informed  the  academy  of  fciences  of  a  fingular 
and  perhaps  unheard  of  accident,  which  happened 
at  Chartres.  A  young  man  of  23  or  24  years  of 
age,  fon  of  an  artifan,  who  had  been  deaf  and 
dumb  from  his  birth,  began  all  at  once  to  fpeak, 
to  the  great  adonifhment  of  the  neighbourhood. 
They  found  that  3  or  4  months  before,  he  had 
heard  the  found  of  bells,  and  been  extremely  fur- 
prifed  with  this  new  and  unknown  fenfation. 
Afterwards  there  came  a  fort  of  water  out  of  his 
left  ear,  and  he  heard  perfectly  with  both  ears. 
He  fpent  3  or  4  months  in  hearing,  without 
fpeaking  at  all,  accudoming  himfelf  to  repeat 
low  the  words  which  he  heard,  and  confirming 
himfelf  in  the  pronunciation,  and  in  the  ideas 
annexed  to  words.  At  lad,  he  thought  himfelf 
fit  to  break  filence,  and  declared  that  he  fpoke, 
tho’  it  was  yet  but  imperfectly.  Some  able  di¬ 
vines  immediately  afked  him  about  his  pad  date, 
and  their  principal  quedions  turned  upon  God, 
the  foul,  and  the  moral  goodnefs  or  evil  of  ac¬ 
tions.  He  did  not  feem  to  have  carried  his 

* 

thoughts  fo  far.  Tho5  he  was  bom  of  catholic 
parents,  went  to  mafs,  was  indrucded  to  make 
the  fign  of  the  crofs,  and  to  kneel  in  a  podure  of 
praying  ;  yet  he  never  added  any  intention  to  all 

this. 
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this,  nor  comprehended  what  others  intended 
thereby.  He  did  not  know  didin&dy  what  death 
was,  and  had  never  thought  about  ic.  He  led  a 
mere  animal  life,  entirely  engaged  upon  fenfible  and 
prefent  objects,  and  on  the  few  ideas  which  he  re¬ 
ceived  by  his  eyes.  He  did  not  even  draw  from 
the  comparifon  of  thefe  ideas  all,  that  one  would 
have  thought,  he  might  draw  from  it.  Not  that 
he  had  naturally  any  want  of  underftanding,  but 
the  underftanding  of  a  man  deprived  of  the  con¬ 
vention  of  others,  is  fo  little  exercifed,  and  fo 
little  cultivated,  that  he  does  not  think  fo  much 
thereon,  as  he  is  indifpenfably  obliged  by  exter¬ 
nal  objedls.  The  greateft  fund  of  the  ideas  of 
men  is  in  their  reciprocal  converfation. 

VII.  Of  a  form  of  hail  of  an  extraordinary 

bignefs. 

’  '  '  *  i 

M.  Parent  related,  that  May  1 5,  there  Fell 
about  lliers ,  in  le  Perche ,  a  prodigious  quantity 
of  hailj  which  was  alfo  of  a  prodigious  bignefs. 
The  lead;  was  as  bio;  as  one’s  two  thumbs,  and  the 
biggeft  were  of  the  fize  of  one’s  fid:,  and  weighed 
five  quarters  of  a  pound,  and  the  middle  fize 
was  like  pullets  eggs,  and  in  much  greater 
quantity.  It  fell  in  feveral  places  a  foot  deep. 
There  were  30  parifhes,  in  which  the  corn  was 
cut  as  it  were  v/ith  a  fcythe.  The  inhabitants 
of  lliers ,  feeing  this  ravage,  had  recourfe  to 
their  bells,  which  they  rung  fo  briskly,  that 
the  cloud  was  parted  over  their  parifh  into  two 
parts,  and  feparated  in  fuch  a  manner,  that  their 
parifh  alone,  in  the  mfdft  of  30  others,  which 
had  not  fuch  good  bells,  was  very  little  injured. 
M.  Parent  related  farther,  that  as  the  corn  was 
then  not  very  forward,  tho’  for  the  molt  part 
Vot.  II.  N°.  13.  C  in 
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Jn  the  ear,  it  made  new  fhoots  from  the  bot¬ 
tom,  and  that  thefe  ftalks  began  to  form  little 
fpikes,  which  they  hoped  would  come  to  ma¬ 
turity  ;  we  have  fince  heard  that  they  had  a 
good  liar  veil. 

j  i 

VIII.  A  magneti  cal  ex  per  iment . 

A  plate  of  fbeel  touched  with  a  loadftone, 
fuftains  a  greater  weight  when  it  is  longer.  M. 
Def cartes ,  and  after  him  M.  Rohant ,  have  thought, 
that  this  increafe  of  force  came  from  the  magne- 
tical  matter  acquiring  more  quicknefs  in  palling 
thro’  a  longer  plate,  becaufe  it  finds  the  ways 
more  eafy  than  other  wife.  M.  Joblot ,  who  has 
ftudied  the  loadftone  particularly,  and  made  a 
great  many  difeoveries  on  this  fubjedt,  in  a  dif- 
courfeone  day  with  M.  Carre ,  fuppofing  this  aug¬ 
mentation  of  the  quicknefs  of  the  magnetical 
matter,  found  him  not  much  difpofed  to  em¬ 
brace  this  opinion.  As  M.  Carre  was  difputing 
againft  it,  there  came  an  experiment  into  his 
mind,  which  would  clear  up  the  truth.  It  was 
to  make  three  plates  of  good  fteel,  well  polifhed, 
an  inch  broad  or  thereabouts,  one  of  which  fhould 
be  twice  the  length  of  the  other  two,  and  of  the 
lame  weight  with  both  of  them  together,  to  draw 
them  an  equal  number  of  times  on  the  loadftone, 
that  they  may  be  touched  as  equally  as  poftible, 
and  to  lee  afterwards  what  weight  the  longeft 
would  fuftain  alone,  and  the  two  fmall  ones  put 
one  upon  another,  fo  that  the  poles  of  the  fame 
name  might  be  together,  for  otherwife  they 
would  have  no  efftdl.  II  the  increafe  of  force 
of  one  longer  plate  came  from  the  magnetic 
matter,  having  increafed  its  quicknefs  'in  palling 
thro*  it,  then  the  long  plate  mult  fuftain  a 
i  j .  greater 
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greater  weight  than  the  two  fmall  ones  ;  but  if 
this  augmentation  of  force  came,  as  M.  Carre 
thought,  only  from  a  greater  quantity  of  mag¬ 
netic  matter  palling  thro*  a  longer  plate,  then 
rhe  two  fmall  ones  muft  fuftain  as  much  as 
:he  great  one.  The  experiment  was  made  by 
M.  Joblot ,  and  the  longeft  plate  fuftained  eight 
ounces  two  drams  ;  and  the  two  fmalleft,  a  little 
more  than  feven  ounces ;  their  not  going  beyond 
eight  ounces  two  drams  was  occafioned  by  their 
not  being  wrought  enough  to  join  exactly ;  for 
we  know  that  the  more  two  plates  are  united, 
the  more  force  they  have. 

To  this  experiment  was  added  a  fourth  plate, 
equal  in  length  to  the  two  fmall  ones,  but  a  little 
heavier  than  the  great  one.  It  had  been  touched 
uke  the  other  three,  and  it  fuftained  only  a  dram 
more  than  each  of  the  fmall  ones,  which  came 
arobably  from  its  thick nefs,  which  had  rendered 
.t  more  hard  to  be  penetrated  by  the  magnetic 
matter.  Hence  it  follows,  that  among  plates 
uf  equal  thick  nefs,  and  confequently  equally  pe¬ 
netrable  by  the  magnetic  matter,  the  longeft  have 
the  greateft  force,  only  becaufe  a  greater  quantity 
of  this  matter  has  entered  into  them. 

Other  experiments,  that  were  made  with  the 
fame  defign  on  the  fame  plates,  terminated  in 
the  fame  conclufion. 

IX.  Of  the  effect  of  vinegar  on  fome  ft  ones. 

M.  Carrs  has  related,  that  having  gathered 
fome  little  flat  fmooth  ft  ones  among  the  fand 
in  the  river  •,  Ire  put  them  into  a  balon,  the  bot¬ 
tom  ,  of  which  was  a  little  inclining  from  the 
fides  to  the  centre,  and  placed  them  at  the  cir¬ 
cumference  ,  that  upon  pouring  in  fome  vinegar. 
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all  the  little  Hones  got  prefently  to  the  centre.  He 
thinks  the  reafon  of  this  eftedt  to  be,  that  the 
vinegar  caufes  a  diffolution  in  the  Hones,  and  con- 
icquently  drives  out  the  air  which  is  then  un¬ 
der  them,  raifes  them  up,  and  makes  them  roll 
on  an  inclined  plane.  For  the  fame  reafon  the 
Har-Hone  turns  in  diflilled  vinegar,  and  on  a  ho¬ 
rizontal  plane. 

X,  'The  former  account  of  the  inaccejfible 
mountain  found  to  be  faJfe . 

It  was  faid  in  the  hift,  of  1700  *,  that  if  the 
inaccefiible  mountain  of  Daupbmy ,  which  has  its 
point  at  bottom  and  bafe  at  top,  was  well  obferved, 
it  might  be  found  to  be  a  miHake.  This  has 
really  been  the  cafe,  the  academy  has  been  in¬ 
formed  both  by  M.  de  Vaubonnays ,  fir  ft  prelident 
of  the  chamber  of  accounts  of  Grenoble,  who  is 
pleafed  to  be  their  correfpondent,  and  by  a  letter 
Horn  M.  Cajfet,  fecretary  to  M.  Bouchu ,  intendant 
of  Dauphiny ,  to  M.  de  la  Hire ,  that  this  pre¬ 
tended  inaccefiible  mountain,  which  is  eight  or 
nine  leagues  from  Grenoble  to  the  S.  is  nothing 
but  a  Heep  rock  planted  on  the  top  of  an  ordina¬ 
ry  mountain,  and  that  even  this  rock  has  not 
the  figure  of  an  inverted  pyramid.  Befides,  there 
is  no  appearance  of  any  rock  or  part  of  a  rock 
having  changed  the  figure,  which  this  marvellous 
mountain  might  have  in  the  time  of  Charles  VIII. 
for  it  is  between  fome  mountains  of  a  living  rock, 
and  we  do  not  find  at  the  bottom  any  ruins  o\' 
rocks,  as  we  do  in  many  other  places. 

%  -See  Vol.  I.  pag.  1 8 1  of  this  abridgment. 
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XI.  Another  fiffion  of  an  uncommon  Jhining  of 

the  fea . 

There  came  a  letter  from  Cadiz ,  importing, 
that  for  1 5  nights  together  they  had  feenthe  whole 
fea  fhining  with  a  clear  light,  almoft  like  a  li¬ 
quid  Phofphorus  *,  and  to  make  this  comparifoa 
the  more  perfect,  that  the  fea  water  being  carried 
away  in  bottles,  gave  the  fame  light  in  the  dark  5 
that  fome  drops  of  it  being  let  fall  on  the  ground 
fhone  like  fparks  of  fire,  and  that  linnen  dipt  in 
this  water  became  alfo  luminous.  The  fadt  hav¬ 
ing-been  well  examined,  is  found  to  be  falfe.  At 
moft,  this  report,  which  was  fpread  even  in 
Spain ,  might  be  founded  on  fome  particular  and 
lively  colour,  which  the  fea  might  have  at  fun- 
fetting.  The  academy  think,  they  do  as  much 
fervice  to  the  publick,  in  difabufing  them  with 
regard  to  falfe  wonders,  as  in  recounting  to  them 
the  true. 

XII.  Of  fome  petrified  bodies  found  inclofed 

in  [tones. 

M.  Maraldi  has  brought  from  Italy  fome  hard 
ftones,  of  a  whiteifh  colour,  which  fplit  into  leaves, 
and  difeover  dried  fifhes,  chaff  and  olive  leaves. 
They  were  found  in  the  Veronefe ,  by  the  cheva¬ 
lier  Bianchi.  It  has  happened  luckily,  that  in 
cleaving  the  greateft  part  of  thofe  which  contained 
a  petrified  fifh,  it  has  been  fplit  in  the  middle  of 
its  thicknefs,  in  fuch  a  manner  that  the  two  parts 
are  very  eafy  to  be  known.  They  feem  as  if  im  - 
printed  in  a  mould.  All  the  outer  part  of  the 
body  of  the  animal  is  very  exa&ly  marked,  and 
there  is  no  room  to  queition  their  being  real 

fifhes. 
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fifties,  involved  in  a  fand  which  afterwards  pe¬ 
trified. 

M.  Maraldi  faw,  in  the  grand  duke’s  gallery, 
fifties  of  the  fame  kind  dried  in  ftones,  which 
had  been  taken  in  Phoenicia ,  in  the  territory  of 
Bihlis ,  now  called  Gihcal ,  on  fome  mountains 
almoft  inacceffible,  and  15  miles  diftant  from  the 
lea* 

He  faw  a  Ho  at  Rome  feveral  large  pieces  of 
marble,  mixt  with  red  and  white,  which  come 
from  the  mountains  of  Sicily.  The  white  part 
ot  them  is  formed  of  a  great  quantity  of  fhells 
inclofed  and  incorporated  in  the  marble. 

What  can  have  brought  thefe  fifhes  and  (hells' 
into  the  earth,  and  even  to  the  tops  of  moun¬ 
tains  ?  Probably  there  are  fubterraneous  fillies, 
as  well  as  fubterraneous  waters  ;  and  thefe  waters, 
which,  according  to  M.  de  la  Hire's  fyftem,  rife 
in  vapours,  carry  with  them  perhaps  fome  very 
light  eggs  and  feeds,  after  which,  when  they  are 
condenled  and  replaced  in  the  water,  thefe  eggs 
may  hatch,  and  become  fifhes  or* fhells.  And  if 
thefe  currents  of  water  already  raifed  a  good  deal 
above  the  level  of  the  fea,  and  perhaps  even  to 
the  tops  of  mountains,  come  by  fome  accident 
either  to  dry  up,  or  to  take  another  courfe  among 
fands,  and  at  lad  abandon  in  any  manner  what- 
foever  the  animals  which  were  nourifhed  in  it,  they 
will  be  left  dry,  and  involved  in  earth,  which  pe¬ 
trifying  itfelf,  wall  petrify  them  alfo.  Thefe  waters 
them fe Ives  may  be  petrified,  after  having  palled 
thro’ certain  earths,  and  be  loaded  with  certain  falls. 
If  all  flones  have  been  liquid,  as  fome  great  philofo- 
phers  think,  then  this  fyftem  is  the  more  probable. 
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XIII.  Why  the  bottom  of  a  pot  is  not  fo  hot , 
when  the  water  contained  in  it  boils ,  as 
when  it  does  not  boil. 

One  day  a  queflion  was  afked,  why  a  vefiel 
full  of  boiling  water  is  lcfs  hot  at  the  bottom, 
whilfl  the  water  being  taken  off  the  fire  continues 
to  boil,  than  when  it  ceafes  to  boil  ;  for  whilfl  the 
water  continues  to  boil,  one  may  touch  the  bottom 
of  the  vefiel  with  one’s  hand,  without  burning  it, 
which  one  cannot  do  as  foon  as  it  has  done  boiling. 
We  mull  add,  that  to  make  this  experiment  flic- 
ceed,  the  bottom  of  the  vefiel  rnufl  be  thin,  and 
the  vefiel  itfelf  pretty  large. 

M.  Hcmberg  laid,  that  he  conceived  a  body  was 
hot,  only  becaufe  it  was  penetrated  every  way 
by  the  matter  of  flame  or  of  light,  which  coming 
out  of  all  parts  with  impetuofity,  like  an  infinite 
number  of  very  fharp  little  darts,  carried  the  im- 
preffions  of  the  heat  into  all  the  bodies  that  it 
ftruck  ;  that  when  a  vefiel  is  on  the  fire,  the  flame 
being  driven  upwards  by  the  weight  of  the  air, 
endeavoured  to  make  pafiages  for  itfelf  into  the 
water  of  the  vefiel ;  according  to  this  diredtion, 
that  at  firfl  it  rnufl  have  found  it  difficult  topene- 
trare  this  water,  where  there  were  no  fuch  pafiages 
as  its  motion  required,  that  it  made  them  at  lafl, 
and  in  this  flate  the  water  boiled,  that  then  all 
the  pafiages  upwards  thro’  the  water  were  eafy, 
the  flame,  which  incefiantly  flruck  the  bottom  of 
the  vefiel,  drove  them  eafily  thro’,  that  confe- 
quently  the  vefiel  being  taken  off  the  fire,  the 
motion  of  all  the  little  darts  was  at  that  inflam: 
upwards,  and  fo  they  could  not  hurt  the  hand 
which  touched  the  vefiel  ;  but  that  when  it  had 
done  boiling,  all  its  parts  being  Ids  agitated, 
finking  and  falling  one  upon  another,  clofed  an 

infinite 
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infinite  number  of  paffages,  that  before  were  open, 
which  obliged  the  little  darts  to  efcape  indiffe¬ 
rently  on  all  fides,  and  that  confequently  the  hand 
being  applied  to  the  bottom  of  the  veffel,  muff 
receive  a  great  number  and  be  hurt  by  them. 

The  bottom  of  the  veffel  is  regarded  here 
only  as  a  mere  furface,  which  the  flame  paffes 
thro5  only  before  it  arrives  at  the  water,  and  on 
which  it  does  not  adt.  But  if  this  bottom  has 
any  thing  of  a  confiderable  thicknefs,  the  flame 
neceffarily  adts  upon  it,  as  it  penetrates,  not  only 
upwards,  according  to  the  diredlion  impreffed 
by  the  weight  of  the  air,  but  alio  downwards^ 
and  according  to  all  the  determinations,  becaufe 
it  is  reflected  by  the  lblid  parts ;  and  thence  it 
comes,  that  in  this  cafe,  independantly  on  the 
different  dates  of  the  water,  the  hand  will  al¬ 
ways  perceive  heat  in  touching  the  bottom.  If 
it  is  thin,  and  at  the  lame  time  the  veffel  is 
very  final],  then  the  fides  of  the  veffel,  which 
almoft  encompafs  the  bottom,  communicate  their 
heat  to  it,  and  confequently  the  veffel  can  no  more 
be  too  big,  than  the  bottom  can  be  too  thin. 

XIV.  That  the  heat  of  water  does  not  in - 
creafe ,  ajtcr  it  has  boiled . 

This  little  fyftem  of  heat  has  fupplied  M. 
Homberg  with  the  realon  of  a  furprifing  fadt, 
which  M.  Amontons  has  difcover’d  in  working 
at  his  thermometer,  and  has  ferved  him  in  the 
conftrudtion  of  it.  If  water  boils  as  long  as 

m  _  O  , 

it  can,  its  degree  of  heat  does  not  increafe,  tho* 
it  is  kept  longer  on  the  fire,  or  on  a  greater  fire. 
Water,  according  to  M.  Homberg ,  is  hot  only 
becaufe  it  is  penetrated  by  the  matter  of  the  flame, 
which  fwells,  raifes,  and  roughens  its  furface ; 

when 
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when  this  matter  has  made  free  paffages  on  all 
Ikies  thro’  the  water,  the  water  boils  as  much  as 
it  can,  and  the  matter  of  the  flame  can  do  no¬ 
thing  farther  *,  therefore,  whether  there  is  a  conti¬ 
nual  fucceffion  of  new  matter,  or  whether  it  comes 
In  greater  abundance,  it  neither  can  open  the 
paffages  better,  nor  open  a  greater  quantity  of 
them.' 


XV.  Of  a  monjlroiii  lamb . 

*  / 

M.  Antoine ,  furgeon  at  Mery  upon  the  Seine, 
a  correfpondent  in  anatomy  with  M.  Mery ,  hav¬ 
ing  met  with  a  very  remarkable  monfter,  new 
confequences  Were  drawn  from  it,  with  regard  to 
the  circulation  between  the  mother  and  the  foetus , 
which  were  communicated  to  M;  Mery7  and  by 
him  to  the  academy. 

A  ffieep  brought  forth  two  lambs,  one  of 
which  was  alive,  well  formed  in  all  its  parts,  at 
its  full  time,  and  the  other  dead  and  monftrous, 
without  either  head,  breaft,  nee rtebree,  or  tail, 
having  only  a  fort  of  belly,  at  die  end  of  which 
were  the  hinder  thighs,  legs,  and  feet.  This 
belly  was  round  and  oblong,  being  feven  or 
eight  inches  in  its  greateft  length,  five  or  fix 
in  its  greatefi  breadth,  and  above  three  inches 
in  thicknefs  ;  it  had  no  aperture,  nor  any  di- 
ftinftion  of  fex ;  it  was  very  flefhy,  as  well  as 
the  thighs,  covered  with  a  skin  jufi  like  that  of 
young  lambs.  In  the  middle  of  the  fore* parr, 
was  the  navel-firing,  compofed  of  four  pretty 
thick  veffels,  and  very  well  diftinguifhed. 

The  infide  of  this  deformed  trunk  was  the 
fnofi  wonderful  ;  it  had  neither  heart,  lungs,  li¬ 
ver,  lpleen,  kidnies,  bladder,  fpermatic  veffels,' 
nOr  any  parts  of  generation,  but  only  a  mefentery 
Vol .  II,  N°.  j  3.  D  and 
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and  inteftines,  which  were  faften’d  to  it,  and  a 
fort  of  ftomach,  which  however  had  no  fhape.  This 
ftomach  and  the  inteftines  contained  a  yellow  and 
vifcid  liquor,  like  excrements. 

The  umbilical  vefifels  were  the  origin  and 
end  of  all  the  reft  5  and  all  the  nerves  began 
from  a  pyramidal  body,  of  the  bignefs  of  a 
walnut,  which  confequently  fupplied  the  place 
of  the  brain.  The  whole  fabrick  of  the  mafs, 
or  the  aftemblage  of  the  bones,  confifted  of  a 
bone  fttuated  in  the  upper  part  of  the  monfter, 
of  two  ojfa  ilia ,  or  innominata ,  which  formed  a 
fort  of  bafon,  and  of  the  bones  of  the  lower 
extremities.  This  pyramidal  body,  which  repre¬ 
fen  ted  the  brain,  was  faftened  to  the  bone  of 
the  upper  part. 

Two  animals  faftened  together  by  fome  com¬ 
mon  part,  or  a  fingle  animal  with  thofe  parts 
double,  which  are  naturally  fingle,  would  be 
much  lefs  furprifing  than  this  half  animal  ;  and 
therefore  are  not  fo  rare.  Two  cvai  meeting  in 
the  uterus ,  may  flick  together,  and  yet  receive 
nourifhment,  and  then,  either  all  the  parts  of 
both  unfold  and  fubfift,  and  they  are  two  animals 
faftened  together  ;  or  elfe  fome  parts  of  one  of 
them  perifh,  and  then  remains  an  animal  and  a 
half  animal  united,  in  fuch  a  manner,  that  the 
half  animal  finds  all  that  it  wants  in  the  whole 
animal.  But  as  for  a  half  animal,  which  does 
not  join  to  another,  but  is  deprived  of  all  the 
moft  neceftary  parts,  as  the  heart,  lungs,  and 
liver ;  how  could  fuch  a  one  be  formed  and 
nouri ftied  ?  how  could  nature  detach  a  half  from 
a  whole,  that  is  fo  well  connected,  and  fo  indivi- 
fible  as  an  animal  ?  and  how  could  fhe  detach 
the  moft  depending  half  from  that  which  go- 

2  verns 
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verns  it,  and  contains  the  principal  fprings  of  the 
machine  ? 

It  necefTarily  follows  from  the  want  of  the 
heart  in  this  monfler,  that  the  impulfe  of  th£ 
circulating  blood  did  not  proceed  from  the  heart, 
and  confequently  M.  Antoine  has  fought  for  an¬ 
other  principle  of  it. 

According  to  the  common  fyflem,  the  arte¬ 
ries  of  the  uterus  pour  the  blood  into  the  pla- 
centa ,  which  is  nourifhed  thereby  ;  the  overplus 
of  this  blood  enters  into  the  umbilical  veins,  which 
make  part  of  the  navel-firing  ;  thence  it  is  car¬ 
ried  to  the  liver  of  the  fcetus  in  the  trunk  of 
the  vena  portte^  whence  it  paffes  into  the  vena 
cava ,  and  into  the  right  ventricle  of  the  heart. 
The  blood  of  the  mother  being  once  arrived  at 
the  heart  of  the  fcetus ,  is  afterwards  ufually  di- 
ilributed  into  the  parts  of  the  fcetus ,  except  the 
alterations  made  in  its  courfe  by  the  foramen 
ovale ,  and  the  canal  of  communication.  There 
is  yet  another  neceffary  difference,  that  the  navel¬ 
firing  and  the  placenta  mull  be  comprehended  in 
the  circulation  ;  and  for  this  reafon,  the  blood, 
which  comes  out  of  the  iliac  arteries  of  the  foetus* 
enters  the  navel- firing  by  the  umbilical  arteries  in 
the  placenta ,  where  it  is  taken  up  again  by  the 
veins  of  this  part,  and  afterwards  by  the  umbili¬ 
cal  veins,  which  carry  it  back  with  new  blood 
from  the  mother,  to  the  liver  and  heart  of  the 
foetus. 

As  the  heart  was  wanting  in  M.  Antoine* s  mon- 
flrous  lamb,  either  the  blood  of  the  mother,  car¬ 
ried  into  the  fcetus  by  the  umbilical  veins,  accord¬ 
ing  to  the  common  fyflem,  mufl  have  returned 
to  the  placenta  by  the  umbilical  arteries,  contrary 
to  the  ordinary  rules  of  the  circulation,  which  do 
not  leem  to  permit  this  return  of  the  blood  by  the 
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arteries,  or  elfe  this  very  blood  being  driver} 
by  the  mother  into  the  arteries  of  the  placenta . 
mu  ft  have  pafted  thence  into  the  umbilical  arte¬ 
ries,  difperfed  itfelf  into  all  the  parts  of  the  fee- 
tus ,  and  returned  to  the  placenta  by  the  umbili¬ 
cal  veins  *,  which  feems  more  conformable  to  the 
laws  of  circulation,  bqt  entirely  reverfes  the  com¬ 
mon  fyftem. 

M.  Antoine  has  chofen  rather  to  give  up  this 
fyftem,  than  to  admit  an  exception  to  the  or-, 
dinary  laws  of  circulation.  He  has  even  thought, 
that  if  in  this  monfter  the  blood  of  the  mother 

i  * 

entered  by  the  umbilical  arteries,  it  followed  the 
fame  courfe  in  all  th z  foetus's,  and  he  fent  a  paper 
to  the  academy,  wherein  this  new  opinion  was 
ingenioufly  explained  and  fupported. 

We  muft  not  forget  to  obferve  in  the  mon- 
ftrous  lamb,  the  extraordinary  brain,  placed  in 
a  ftill  more  extraordinary  manner  in  the  belly, 
which  was  the  whole  animal.  We  may  thence 
conje&ure,  how  much  a  common  principle  of 
the  nerves  is  neceftary  and  indifpenfable  in  the 

whole  animated  machine. 

*  •  •  • •  *  ♦  .. 

XVI.  Of  the  oriental  and  occidental  bezoar. 

The  bezoar  is  nothing  but  the  gall-ftone  of  fe- 
veral  lorts  of  animals,  both  of  the  Eajl  and  IVeft- 
lndies ,  as  goars,  hogs,  monkies,  &c.  The  vir¬ 
tue  of  the  oezoar  confifts  in  the  volatile  alkaline 
falts  of  which  it  is  formed,  fince  it  is  in  effect 

i 

nothing  but  the  bile  of  thefe  animals.  It  is  there¬ 
by  that  it  deftroys  acids,  and  promotes  perfpira- 
tion,  and  without  going  fo  far  to  feek  for  be¬ 
zoar,  every  gall-ftone  of  an  animal  is  fuch,  tho* 
perhaps  more  or  lefs  active,  according  to  the 
different  animals,  and  the  different  climates  where 

they 
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they  live.  The  bezoar  fometimes  alfo  gets  a  little 
from  other  parts  befides  the  gall. 


XVII.  Of  a  lizard  from  the  Eaft-Indies. 

$ 

F.  Gouye  fhewed  a  lizard  from  the  Eaft-Indies , 
called  by  the  natives  Phatagen ,  and  by  Aldro- 
vandus ,  Laser  t  a  Indie  a  Squammofa .  It  was  two 
feet  I  long,  fhaped  almoft  like  a  crocodile,  co¬ 
vered  with  feales  of  the  fize  of  a  crown-piece. 
H  is  ftomach  was  found  full  of  ants,  which  are 
the  common  food  of  this  animal  ;  it  has  alfo  a 
tongue  near  a  foot  long,  to  catch  them  the  more 
eafily.  It  had  in  the  upper  part  of  the  fto¬ 
mach  a  bag  full  of  living  worms,  about  the 
thicknefs  and  length  of  pins,  in  number  about 
1000,  and,  which  is  very  aftonifh-ing,  it  was  no 
difeafe ;  there  were  as  many  found  in  another 
animal  of  the  fame  fpecies .  We  have  already 
obferved  the  fame  thing  in  a  tiger  from  China , 
in  the  hiftory  of  1699  *. 


XVIII.  Of  a  puppy ,  which  had  only  one  eyt 
in  the  middle  of  its  face . 

M.  Littre  fhewed  a  dead  puppy  which  had 
but  one  eye,  without  an  eye-lid,  fituated  in  the 
middle  of  the  lower  part  of  the  face,  juft  as  the 
Cyclops  are  painted.  It  had  neither  nofe,  nor 
throat,  nor  any  aperture  to  fupply  them.  It 
vyas  fat  and  well  nourifhed,  and  died  foon  after 
it  was  born  *,  no  doubt  becaufe  it  could  not  take 
in  any  air.  This  foetus  could  not  have  been 
Rouriihed  any  other  way  than  by  the  navel- 

*  Vol.  I.  Pag.  21.  of  this  Abridgment. 
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firing.  It  had  above  its  eye,  and  towards  the 
middle  of  its  face,  a  fort  of  cartilaginous  body, 
|  an  inch  long,  and  a  line  thick,  folid,  of  a  co¬ 
nical  figure,  and  without  any  aperture. 

XIX.  On  the  valves  of  pumps . 

M.  Amontons  having  conftrudled  a  forcing 
pump,  was  furprized  to  fee  that  the  valves,  which 
were  of  metal,  well  made,  and  well  ordered, 
fometimes  ceafed  to  play,  and  flopped  on  a 
fudden.  He  thought  fome  vifcid  fediment  had 
(tuck  thefe  valves  together,  but  he  found  nothing 
like  it,  upon  examining  the  pumps  feveral  times. 
The  wonder  of  the  effedl  confided  in  this,  that, 
when  the  prfton  was  raifed,  there  was  a  vacuum 
formed  between  the  piflon  and  the  valve  ;  that 
confequently  this  valve  was  driven  upwards,  by 
the  water,  which  was  driven  itfclf  by  the  weight 
of  the  whole  atmofphere  ;  that  the  body  of  the 
pump  being  immerged  above  fix  feet  in  water, 
the  weight  alfo  of  fix  feet  of  water  prefied  the 
valve,  being  equal  to  about  f  of  the  weight  of 
the  atmofphere  *,  and  yet  that  this  valve,  which 
was  intended  to  open  by  this  impulfe,  did  not 
open  at  all. 

This  effiedt  may  be  compared  to  the  known 
experiment  of  two  fur  faces  well  polifhed  and 
wetted,  applied  againfl  each  other,  which  cannot 
be  feparated  but  by  the  adlion  of  a  great  weight ; 
for  the  furfaces  of  the  valves  are  in  like  manner 
applied  to  their  fhells  as  exadlly  as  poffible^  and 
both  of  them  are  neceflarily  moiftened.  But 
there  appears  at  fir  ft  fight  an  efiential  difference, 
that  in  the  common  experiment  we  may  aferibe 
the  union  of  the  two  furfaces,  or  the  difficulty  of 
fepa rating  them,  to  the  preffiure  of  the  air,  be- 

caufe, 
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caufe,  as  there  is  no  air  between  them,  the  whole 
atmofphere  refills  their  feparation  ;  on  the  con¬ 
trary,  with  regard  to  the  valves,  it  is  the  whole 
atmofphere  ;  and  alfo  a  force  ftill  greater,  that 
tends  to  feparate  them  from  their  fhells. 

It  remains  therefore,  that  the  whole  force  of  the 
union  of  the  valves  and  fhells  confifts  in  the  water 
that  moiftens  them  ;  the  parts  of  water,  which 
have  entered  the  pores  of  one  of  the  bodies,  mtifl 
powerfully  fallen  upon  the  other,  and  every  one  of 
them  mufl  hold  to  the  two  bodies  by  its  two  ex¬ 
tremities;  for  free  and  flowing  parts  of  water 
would  hinder  the  union,  they  mufl  fallen  fo  much 
the  more  powerfully,  as  the  two  furfaces  are 
more  polifhed,  better  wrought,  and  exclude  the 
air  more  perfectly  ;  the  multitude  of  the  faftened 
particles  of  air  mufl  contribute  to  the  greatnefs  of 
the  effect ;  and  in  the  laft  place,  the  difficulty 
either  of  detaching  or  extending  them,  mufl  pro¬ 
duce  that  of  opening  the  valves. 

It  is  certain,  that  to  detach  from  the  copper  the 
parts  of  water  which  moiflen  it,  there  mufl  be  a 
pretty  confiderable  effort,  and  it  mufl  be  only  by 
the  evaporation,  or  by  a  violent  fridtion,  and  at 
feveral  effays,  that  we  can  entirely  obtain  the  ef* 
fedt.  As  for  the  extenfion  of  the  parts  of  water, 
neither  M.  Amontons ,  nor  all  the  reft  who  have 
been  willing  to  make  the  experiment,  have  beer* 
able  to  affirm,  that  water  is  capable  of  extenfion  . 
Thus  we  may  believe,  it  is  all  reduced  to  the  dif¬ 
ficulty  of  detaching  the  parts  of  water.  It  is  more 
than  probable,  that  they  do  not  fallen  with  the 
fame  force  to  all  forts  of  bodies. 

It  follows  from  the  obfervation  and  reafoning 
of  M.  Amontons ,  that  in  the  experiment  of  the 
two  furfaces,  wetted  and  applied  to  each  other  in 
the  open  air,  it  is  not  only  the  preffure  of  the 
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atmofphere  that  makes  their  union,  but  the  parts 
of  water  which  wet  them,  have  more  or  lefs  fhare 
therein,  according  as  they  are  more  or  lefsffrongly 
fattened  to  the  different  furfaces  of  the  bodies  ; 
and  this  is  a  caufe  which  we  did  not  think  of  in  the 
explication  of  this  phenomenon,  tho’  it  was  at  leaft 
as  important  and  efficacious,  as  that  which  was  at 
firft  difeovered,  and  it  may  a£t  alone,  or  even 
combated  by  the  other. 

M.  Amontons  would  have  been  glad  to  com¬ 
pare  the  force  of  the  union  produced  by  the  parts 
of  water,  with  that  which  is  produced  by  the  pref- 
fureof  the  atmofphere.  The  way  was  to  immerge 
the  pump  deeper  and  deeper  in  the  water,  till  at  laft 
the  valves  would  open  without  difficulty  ;  for  we 
fhould  have  feen  thereby  what  weight  was  exa&ly 
required  to  overcome  all  the  fefittance  caufed  by 
the  adhering  of  the  parts  of  water,  but  this  could 
not  be  put  in  practice,  becaUfe  of  the  particular 
circumttances  of  the  place. 

Thefe  obfervations  on  the  mutual  adhering  of 
bodies,  and  on  the  forces  which  produce  i*t,  may 
ferve  one  day  to  difeover  the  general  caufe  of 
hardnefs,  which  is  none  of  the  leaft  queftions  in’ 
phyficks  *,  but  whilft  we  are  expecting  fo  elevated 
a  theory,  M.  Amontons  drew  from'  his  experiment 
fomething  ufeful  in  practice.  He  changed  the 
valves  of  metal  for  flaps  of  leather,  after  which 
the  pumps  played  perfectly  well,  becaufe  leather 
not  being  near  fo  fofid  as  metal,  the  water  doe£ 
not  adhere  in  the  fame  manner.  The  inconve¬ 
nience  of  the  valves  came  from  their  being  too 
well  made,  too  well  polifhed,  and  too  well  fitted' 
upon  their  fhells,  and  certainly  we  fhould  never 
have  expected,  that  too  great  a  perfection  would 
have  rendered  them  ufelefs.  To  prevent  this  ac¬ 
cident,  M.  Amontons  advifes  us  to  prefer  leathern 
flaps.  XX. 
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XX.  On  the  recoil  of  fire-arms . 

M.  Geoffroy  having  reported  from  the  philofo- 
fhical  tranfaftions ,  that  it  had  been  found  in  the 
royal  fociety  of  London ,  that  a  certain  charge  of  a 
fire-arm  turned  the  ball  from  right  to  left,  whilft 
the  cannon  in  recoiling  went  from  left  to  right ; 
this  fa6l,  tho5  abfolutely  poffible,  feemed  very 
doubtful,  and  we  were  willing  to  be  fure  of  it, 
before  we  fought  for  ingenious  reafons,  which  we 
might  perhaps  have  had  the  misfortune  to  find. 

M.  Caffini  the  fon  undertook  the  experiment, 
and  he  caufed  a  machine  to  be  made  as  like  as 
poffible  to  the  Englijh  one.  It  was  a  wooden 
Ifofceles  triangle,  upon  which  was  placed  and 
made  very  faft  a  gun,  of  about  3  feet  8  inches  ; 
the  breech  of  it  refled  upon  the  bafe  of  the  tri¬ 
angle,  and  the  end  upon  the  vertex.  We  mufl 
fuppofe,  without  entering  into  a  more  exadl  de- 
fcription,  that  the  machine  was  fuflained  at  its 
3  angles  upon  3  pivots,  which  hindered  it  from 
rubbing  againfl  the  ground,  that  it  might  be 
rendered  fixt  and  unmoveable  by  fcrews,  which 
entered  into  its  pivots,  and  that  fo  by  taking  a- 
way  the  fcrews  of  the  angle  of  the  top,  and  of  one 
of  the  angles  of  the  bafe,  it  might  turn  upon  the 
pivot  of  the  third  angle,  as  upon  a  centre,  and 
that  it  turned  very  eafily,  becaufe  there  were  rol¬ 
lers  at  the  2  angles,  which  were  defired  to  be 
moveable. 

This  being  done,  M.  Coffin i  the  fon  fattened 
the  machine,  charged  his  gun,  fired  it,  obferved 
the  place  where  the  ball  ftruck  upon  a  board  placed 
at  1 7  feet  diftance,  then  he  took  away  the  fcrews 
from  the  angle  of  the  vertex ,  and  from  one  of  the 
angles  of  the  bafe,  charged  it  again,  and  fired  it. 
Vol.  II.  Np.  13.  E  The 
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The  machine  muft  then  recoil,  becaufe  it  was  at 
liberty,  and  its  recoil  was  the  arch  of  a  circle, 
which  the  moveable  angle  of  the  bafe  defcribed. 
The  place  was  obferved,  where  the  ball  had 
ftruck,  the  machine  being  at  liberty,  and  it  was 
compired  with  that  o  f  the  fixed  ftroke. 

The  experiment  was  repeated  a  great  number 
of  times,  and  with  feveral  different  charges,  as 
well  for  the  fixed  ftrokes  as  for  the  others.  As 
the  machine  always  recoiled,  or  turned,  when  it 
was  free,  thefe  ftrokes  did  not  always  hit  the 
fame  place  with  the  fixed  ftroke,  but  they  always 
went  to  the  right  of  the  fixed  ftroke,  becaufe  this 
circular  recoil  was  made  that  way,  and  there  never 
was  found  between  the  ftroke  and  the  recoil  the 
contrariety  of  direction  marked  in  the  Englijh  ex¬ 
periment. 

An  advantage,  which  that  of  M.  Cajfini  had,  is, 
that  every  time  he  replaced  his  fixed  machine,  he 
was  well  affured,  that  it  was  found  again  in  the 
fame  fituation,  in  the  fame  direction,  and  that  it 
had  received  no  alteration  from  the  preceding 
fhakes  ;  for  all  the  fixed  ftrokes  went  always  into 
the  fame  hole.  Perhaps,  on  the  contrary,  in 
the  Englijh  experiment,  the  gun,  which  had  not 
been  held  fall  enough,  turned  from  its  firft  di¬ 
rection ;  and  this  might  be  fufficient  to  make  the 
ftroke  have  a  contrary  one  to  the  recoil. 

The  recoil  was  always  fo  much  the  greater,  as 
the  charge  was  ftronger  ;  but  the  ftrokes  of  the 
machine  at  liberty  were  not  diftant  from  the  fixed 
points,  in  proportion  to  the  greatnefs  of  the  re¬ 
coil.  On  the  contrary,  the  ftronger  the  charge 
was,  and  the  greater  the  recoil,  the  Ids  did  the 
tree  ftrokes  vary.  This  comes  from  the  ball  al¬ 
ways  going  out  with  more  velocity,  there  is  lefs 
imprefiion  felt  of  the  recoil,  which  does  not  begin 

to 
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to  fhake  the  machine,  till  the  ball  is  upon  the 
point  of  going  out. 

XXI.  On  the  force  of  machines  in  general. 

The  multiplication  of  forces  by  machines  has 
fomething  deceitful  in  it,  not  with  regard  to  thole 
who  know  the  principles  of  mechanicks,  but  to 
the  general  pait  of  the  world,  on  whom  the  en¬ 
gineers  may  impofe  by  magnificent  promifes;  and 
lometimes  to  the  engineers  themfelves,  if  they  have 
more  invention  or  boldnefs  than  knowledge. 

The  academy  fometimes  hears  of  fome  of  thefe 
engineers  and  their  lofty  propofals.  One  man  is 
to  have  as  much  effect  as  50,  to  raife  a  burden, 
and  when  it  is  objected  to  them,  that  this  man  will 
therefore,  according  to  the  rules  of  mechanicks, 
travel  50  times  more  than  the  burden,  and  con- 
fequently  fpend  much  time,  they  do  not  always 
allow  this  necefiary  augmentation  of  the  way  and 
-of  the  time  ;  nay,  they  fometimes  go  fo  far,  as  to 
pretend  that  the  rules  of  mechanicks  are  human 
inventions,  which  do  not  fubjedl  nature,  and  that  - 
we  muft  believe  experience  rather  than  books. 

This  gave  occafion  to  M.  Amen  ton r,  in  a  paper 
which  he  read  to  the  academy,  to  review  the  firft 
principles  of  mechanicks,  and  to  lay  open  the 
whole  compafs  of  them,  with  regard  to  the  ufe 
of  machines.  We  will  here  give  the  metaphy- 
ficks  of  them,  which  are  no  lefs  demonftrative 
than  geometry,  and  may  be  more  intelligible. 

Whatfoever  may  bo  the  caufe  of  the  refinance 
of  bodies  to  motion,  at  leaft  of  thole  upon  which 
we  can  a6t,  it  is  certain,  that  they  bring  a  certain 
refiftance,  and  that  it  is  the  greater,  as  they  are 
greater,  or  have  a  greater  mafs.  And  as  a  quicker 
motion,  is  a  greateqmotion,  this  refiftance  is  alfo 

E  2  pro- 
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proportioned  to  the  velocity,  with  which  one 
would  move  them.  Conlequently,  when  a  body 
is  moved,  the  lorce  which  moves  it  is  fo  much 
greater,  as  it  has  more  mafs  and  velocity  *,  To  that 
the  force,  or  quantity  of  motion  of  a  body,  is  a 
product  of  its  mafs  by  its  velocity. 

Of  thefe  two  things,  one  is  fixed,  and  always 
the  fame  in  all  the  motions  which  we  can  give  to 
a  body,  and  this  is  its  mafs  j  the  other,,  which  is 
its  velocity,  is  infinitely  variable  in  the  different 
motions  which  may  be  given  it,  and  there  is  no 
body,  how  fmall  foever,  that  can  go  to  fuch  a 
degree  of  quantity  of  motion,  or  force,  as  we 
will,  provided  we  give  it  a  fufficient  velocity. 

Not  only  the  fame  caufe,  which  produces  the 
refiftance  of  the  bodies  to  the  motion,  produces  a 
greater  refiftance  to  a  greater  motion  ;  but  it  does 
it  only  becaufe  it  produces  the  refiftance  to  the 
motion.  Thefe  two  effects  therefore  are  but  one  ; 
therefore,  the  reftftance  of  a  great  body  to  a  fmall 
motion,  is  the  fame  with  that  of  a  little  body  to  a 
great  motion,  provided  the  maftes  and  velocities 
are  proportioned,  and  provided  the  greater  quick- 
nefs  belongs  to  the  lels  mafs.  Therefore  the 
forces  neceffary  to  furmount  thefe  refiftances  are 
equal,  and  in  like  manner  the  quantities  of  motion 
of  two  bodies  moved  in  thefe  conditions. 

Thence  it  follows,  that  the  fame  force  or  quan¬ 
tity  of  motion  in  general,  may  be  formed  in  in¬ 
finitely  different  ways,  and  all  equivalent  *,  for  pro*, 
vided  the  produd  of  the  mafs  and  of  the  velocity 
continues  the  fame,  thele  two  magnitudes  may  vary 
infinitely  between  themfelves.  But  if  we  confider 
a  determinate  body,  to  which  we  would  give  a 
certain  quantity  of  motion,  we  cannot  do  it  but 
by  augmenting  its  velocity  a  feeing  its  mafs  cannot 
be  changed. 
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No  force  can  be  in  equilibrio  but  with  an  equal 
Force,  nor  be  furmounted  but  by  a  fuperior  force. 
Thus  all  the  art  of  mechanicks  never  renders  a 
fmall  force  equal  or  fuperior  to  a  greater  ;  and 
every  time  that  it  feems,  that  a  little  force  is  in 
equilibrio  with  a  greater,  2  5  lb.  for  example, 
with  100  lb.  it  is  a  fort  of  illufion  upon  the 
eyes,  the  equilibrium  is  not  between  100  lb.  and 
25  lb.  but  between  100  lb.  and  2  5  lb.  fo  moved 
or  difpofed,  as  necefifarily  to  move  four  times 
fafter  than  the  100  lb.  If  we  compare  only  thefe 
two  fixed  and  immoveable  magnitudes,  100  lb. 
and  25  lb.  the  25  lb.  feem  to  be  multiplied  and 
elevated  above  themlelves,  and  this  is  the  falfe 
marvellous  in  mechanicks  •,  but  it  is  diftipated  by 
the  4  degrees  of  velocity,  which  were  to  be  given 
to  the  2  5  lb.  and  are  a  real  and  true  force,  tho* 
lefs  lenfible. 

A  force  of  30  lb.  moved  10  times  fafter  than 
the  100  lb.  would  have  equalled  them  in  like 
manner,  and  it  is  the  lame  with  all  the  poffible 
products  equal  to  100  ;  but  at  laft  we  muft  al¬ 
ways  find  ioo  lb.  force,  in  whatfoever  manner 
we  take  them,  either  upon  the  fixed,  or  upon  the 
variable  magnitude  *,  this  is  an  inviolable  law 
prefcribed  by  nature,  which  has  left  to  art  only 
the  choice  of  the  different  combinations,  which 
can  make  the  fame  product  of  force. 

A  fmall  power,  therefore,  not  being  able  to 
move  a  great  weight,  if  it  does  not  make  as  much 
way  in  the  fame  time  as  the  weight  will  make 
little,  there  happen  from  it  two  infurmountable 
inconveniences  j  that  the  pov/er,  for  inftance,  a 
man,  is  obliged  to  make  a  great  motion,  either 
of  the  arms  or  feet,  for  a  long  time,  and  that  dur¬ 
ing  this  long  time  the  weight,  of  which  the  ele¬ 
vation 
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vation  is  the  object  of  the  whole  machine,  is  but 
little  elevated. 

It  follows  from  this,  that  the  time  neceffary 
for  the  power  to  make  a  certain  way  regulates  the 
time,  during  which  the  weight  fhall  be  elevated 
or  moved.  For  example,  if  a  man  having  a 
force  of  25  lb.  raifes  a  weight  of  100,  this  weight 
cannot  be  railed  a  foot  in  lefs  time  than  the  man 
could  go  4,  and  confequently  it  is  from  the  man, 
or  in  general  from  the  power  that  the  time  of  the 
elevation  of  the  weight  takes  the  law. 

Moft  engineers  being  dazzled,  or  willing  to 
dazzle  by  an  apparent  multiplication  of  forces, 
either  do  not  give  attention  enough  to  the  time 
which  it  will  neceffarily  coft  them,  or  do  not  know 
how  to  calculate  it  with  fufficient  exadtnefs  ;  and 
this  fo  eftential  a  point  not  being  cleared  up,  the 
machines  are  always  wonderful  as  to  the  effedh 
Indeed,  it  is  not  eafy  to  determine  exadtly  what 
fhall  be  the  velocity  either  of  men  or  horfes,  which 
are  the  powers  moft  commonly  employed  ;  and 
it  is  for  this  reafon,  that  M.  Amontons ,  after  hav¬ 
ing  carefully  tried  their  velocities  in  different  ac¬ 
tions,  has  given  the  following  refults  of  his  ex¬ 
periments,  which  will  furnifh  fure  and  commo¬ 
dious  principles  for  the  calculation  of  moft  ma¬ 
chines  that  can  be  imagined,  and  even  of  feveral 
labours  that  are  undergone  without  machines. 
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Experiment 

1.  Two  chairmen  loaded,  going' 
their  ufual  rate,  made  in  80" 

1 

2.  A  porter  loaded,  in  139" 

3.  A  footman  walking,  in  120" 

4.  A  footman  running  with  his  1 
whole  force,  in  2  5" 

5.  A  drawer  of  a  loaded  calalh,  1 

in  86"  '! 

6.  A  horfe  drawing  upon  the 
pavement  a  cart  loaded  with  1500  lb.  - 
in  1 12" 

7.  Two  horfes  drawing  a  coach  >70  toifes. 
upon  the  pavement,  at  the  ufual  rate, 

in  62" 

8.  Two  other  horfes  drawing  a 
coach  alfo  upon  the  pavement,  in  a  > 
trot,  in  45" 

9.  A  faddle  Iiorfe,  with  its  rider  I 
mounted,  going  the  common  pace,  f1 
in  8  o" 

10.  Another  faddle  horfe,  with 
its  rider  alfo  mounted,  going  the 
grand  pas  in  50" 

11.  Some  labourers  carried  each  of  them  22 
baskets  of  earth  in  a  day,  each  basket  weighing 
30 lb.  to  370  toifes  diftance,  they  came  back 
empty,  and  this  was  certainly  as  much  as  they 
were  able  to  do. 

12.  A  man  raifed  a  weight  of  25  lb.  with  a 
cord  pafiing  over  a  pully,  to  the  height  of  220 
feet  in  145" 

13.  A  man  who  weighed  1 33 /£.  rofe  to  the 
height  of  10  toifes  2  feet,  on  a  ladder  in  34", 
and  was  quite  out  of  breath,  and  unable  to  pro¬ 
ceed. 
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14.  Two  horfeS  fattened  to  a  plough,  in  a  foil 
neither  too  loofe  nor  too  ftiff,  made  each  of  them 
an  effort  of  1 50  lb. 

15.  A  fawyer  gave  200  ftrokes  of  a  faw,  and 
raifed  it  as  many  times  in  145",  at  each  ftroke 
his  hand  went  18  inches,  with  an  effort  of  25  lb. 
he  was  very  much  out  of  breath,  and  could  not 
go  on  above  3'  without  taking  breath. 

We  fee  now  in  what  limits  of  time  a  great 
number  of  common  addons  are  contained,  and  if 
we  would  make  ufe  of  others,  it  will  be  eafy 
alfo  to  make  a  fundamental  experiment,  which 
will  regulate  the  whole  calculation  of  the  time. 

When  we  fhall  know  the  time,  which  a  cer¬ 
tain  power  will  neceffarily  require,  to  move  a 
certain  weight,  we  fhall  find  perhaps,  that  the 
flownefs  will  be  fo  great,  that  it  will  be  better  to 
increafe  the  power,  and  to  renounce  the  deceit¬ 
ful  or  dangerous  advantage  of  employing  but  a 
very  fmall  one. 

The  whole  art  of  mechanics  in  general  con- 
fifts  therefore,  not  in  multiplying  the  forces,  but, 
according  to  the  expreffion  of  M.  Amontons , 
which  feems  more  proper,  in  modifying  them, 
and  employing  them  againft  other  equal  forces, 
in  the  manner  that  belt  agrees  with  the  defign. 
The  difficulty  of  choofing  well  between  the  diffe¬ 
rent  manners  is  fometimes  great  enough  to  exer- 
cife  the  beft  genius’s. 

In  particular,  there  are  an  infinite  number  of 
attentions  to  be  made  to  the  molt  advantageous 
application  of  the  moving  force,  or,  which  is 
the  fame  thing,  to  its  ftrongeft  direction,  to 
the  means  of  hindering  this  direction  from  being 
changed  in  the  adions  which  mutt  be  equal,  or 
of  making  it,  if  it  does  change,  to  be  recom- 
penfed  elfewhere,  to  the  fridions,  which  are  all 
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put  on  the  fide  of  the  weight  againft  the  power, 
which  muft  confequently  be  avoided  and  dimi- 
nifhed,  as  much  as  poOible,  to  the  fituation  of 
the  centres  of  gravity  or  percuffion,  &c.  Thus, 
when  a  machine  anfwers  its  defign  well,  there 
is  no  need  to  puff*  it  up  by  a  falfe  multiplication 
of  forces,  to  be  fure  of  its  being  one  of  the 
Jftneft  works  of  human  genius. 

XXII.  On  frictions. 

_ «  •  1  ,  r 

The  new  difcovery  of  M.  Amontons ,  that 
fridlions  are  always  proportioned  to  the  prefiure 
arid  to  the  velocity,  and  never  to  the  furfaces* 
was  important  enough  not  to  be  received  without 
a  ftridt  examination. 

There  are  fome  cafes,  which  feem  evidently 
to  prove  the  contrary.  If,  for  example,  two 
<£qual  powers  are  applied  to  the  extremities  of  a 
cord,  which  towards  its  middle  is  turned  about 
a  cylinder^  and  they  draw  one  againft  the  other  5 
it  is  certain  that  one,  in  cafe  it  receives  an  aug¬ 
mentation,  and  becomes  fuperior,  cannot  make 
the  other  come  to  it,  but  by  making  the  cord 
move  upon  the  cylinder,  and  by  furmounting  its 
fridtion  *,  and  it  is  certain  alfo,  that  it  will  have 
need  of  fo  much  greater  augmentation,  as  the 
cord  fhall  make  more  turns  about  the  cylinder. 
Now,  why  does  a  greater  number  of  turns  of  the 
cord  about  the  cylinder  render  the  motion  more 
difficult,  unlefs  it  is  becaufe  the  fridtion  of  the 
cord  is  made  upon  a  greater  quantity  of  parts  of 
the  cylinder,  or  upon  a  greater  furface  ?  for  what¬ 
soever  number  of  turns  the  cord  makes,  the 
IP  re  dure  caufed  by  the  two  powers  is  always  the 
fame. 

Vol,  II.  N°  13,  F 
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M.  Amontons  anfwers  to  this,  that  it  is  always 
the  preffure  that  renders  the  motion  more  diffi¬ 
cult,  and  that  it  is  lb  much  the  greater,  as  the 
number  of  the  turns  of  the  cord  is  greater,  be- 
caufe  we  muff  reckon  the  lame  power  as  applied 
fo  many  times  to  the  cylinder,  as  the  cord  makes 
turns  about  it.  Thus  the  power  applied  by  a 
cord,  which  makes  two  turns,  three  turns,  &c. 
becomes  double  and  triple  of  itfelf.  But  as  this 
multiplication  of  the  fame  power  might  feem 
not  very  true  and  fit  for  the  purpofe,  M.  Amon¬ 
tons  proves  it  much  after  the  following  manner. 

Let  the  cylinder  be  cut  according  to  its  axis, 
into  two  equal  parts  ;  let  one  be  fufpended  and 
immoveable,  and  the  other  be  moveable  and 
placed  lower,  and  let  it  bear  a  weight  fattened 
to  it,  and  let  a  cord  turn  about  both  as  often  as 
you  pleafe,  and  let  a  power  be  applied  to  it,  fo 
that  it  may  tend  to  make  the  lower  half  cy¬ 
linder  rife,  loaded  with  its  weight,  we  fhall  fee 
that  the  power  is  in  the  fame  cafe,  that  if  it 
tended  to  make  the  weight  rife  to  the  aid  of  a 
redoubled  pully,  and  that  consequently,  if  there 
is  an  equilibrium,  it  is  to  the  weight,  according 
to  the  principles  of  ttatics,  as  unity  is  to  the  num¬ 
ber  of  half  turns,  which  the  cord  makes  about 
the  cylinder  ♦,  for  unity  is  to  this  number,  as  the 
way,  which  the  weight  would  make,  to  the  way, 
which  the  power  would  make,  in  cafe  the  equili¬ 
brium  ceafed.  All  the  effort  therefore,  all  the 
adtion  of  the  power  confifis  in  this  power  multi¬ 
plied  by  the  number  of  half  turns  of  the  cord. 

Now  let  us  fuppofe  the  lower  half  cylinder 
raifed  by  the  adtion  of  the  power,  its  plane  fur- 
face  applied  againtt  the  Surface  of  the  upper  half 
cylinder,  and  the  weight  taken  away,  which 
would  have  endeavoured  to  feparate  them,  all 
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the  reft  remaining  the  fame,  it  plainly  appears, 
that  the  power  only  preffes  one  of  thefe  half  cy¬ 
linders  againft  the  other,  that  its  aft  ion  or  effort 
are  exactly  the  fame  as  before,  and  that  confe- 
quently  they  always  confift  in  the  produfl  of 
this  power,  by  the  number  of  the  half  turns  of 
the  cord.  Therefore  independently  on  a  greater 
furface  of  the  two  halt  cylinders  being  encom- 
pafted  by  the  cord,  and  rubbed  with  it,  the  p ref- 
lure  of  the  fame  power  is  greater  by  the  multi¬ 
plication  of  the  turns  of  the  cord. 

The  prefture  alone  making  by  itfelf,  accord¬ 
ing  to  M.  Amontons ,  the  whole  refiftance  of  the 
trillion,  the  greater  or  lefs  velocity,  which  we  give 
to  the  bodies  that  rub,  is  a  circumftance  which 
augments  or  diminifhes  the  effedt  of  the  prefture, 
that  is,  the  difficulty  of  the  motion.  We  muft 
therefore  obferve  to  difpofe  machines  in  fuch  a 
manner,  that  the  parts  which  rub  may  have  the 
leaft  velocity  poffible.  Thence  M.  Amontons  con¬ 
cludes,  that  every  time  a  wheel  turns  upon  its 
axis,  it  muft  make  the  diameter  of  the  axis  the 
Jeaft  that  is  poffible  with  regard  to  that  of  the 
wheel  ;  for  the  two  furfaces  of  the  wheel  and  of 
the  axis ,  which  neceffarily  rub,  will  have  the 
lefs  velocity,  fince  the  velocity  of  a  circular  mo¬ 
tion  always  diminifhes  from  the  circumference 
towards  the  centre.  For  the  fime  reafon,  when 
we  make  indented  wheels,  we  muft  make  the 
teeth  as  fmall,  and  as  thin  as  poffible.  One  of  the 
teeth  rubs  by  one  of  its  furfaces,  againft  an  ex¬ 
tent  equal  to  the  furface  which  rubs,  and  it  muft 
difengage  itfelf  in  a  certain  time,  by  running 
thro*  a  fpace  equal  to  the  fame  furface.  There¬ 
fore  the  fmaller  the  furface  is,  the  lefs  fpace  it  has 
to  run  through ;  and  it  muft  here  be  obferved, 
that  the  fmallnefs  of  the  furface  diminifhes  the 
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refiftagce  of  the  friction,  not  becaufe  it  is  a  lefs 
lurface  that  rubs,  but  becaufe  it  is  a  lels  fpace  run 
through. 

Another  obfervation  of  M.  Amontons  upon 
machines,  with  regard  to  fridion,  is,  that  vve 
muft  be  very  careful  that  the  line,  accord¬ 
ing  to  which  the  moving  force  ads,  may  not 
be  the  fame  with  that  of  the  preffure  ;  and  the 
reafon  of  it  is  quite  natural,  for  the  moving  force 
would  unite  its  adion  to  that  of  the  prelfure,  which 
is  always  contrary  to  it.  This  force  muft  ad  as 
much  as  poffible  by  the  fame  line,  according  to 
which  the  bodies  which  rub  are  to  move. 

Notwithftanding  all  thefe  proofs  and  obfer- 
vations  of  M.  Amontons ,  who  had  fet  his  fyftem 
of  fridions  in  a  pretty  good  light,  we  are  here 
obliged  to  acknowledge  to  the  publick,  that  the 
academy  was  not  fully  perfuaded  of  it.  They 
allowed  that  the  preffure  was  to  be  confidered 
in  fridions,  and  often  to  be  folely  confidered, 
but  they  could  not,  with  M  .Amontons,  abfolutely 
exclude  the  confideration  of  the  furfaces.  He  re- 
prefented  the  great  number  of  experiments,  which 
he  had  made,  where  the  furfaces  went  for  nothing 
but  experiments  have  a  certain  compafs,  more  or 
Id's  infenfible,  which  may  fometimes  be  fo  on 
occafions,  where  the  determination  of  the  que- 
ftion  might  have  been  made.  Thus  they  were 
willing  to  carry  the  affair,  even  into  metaphy- 
fics,  and  to  feek  what  was  to  be  thought  of  it 
in  the  firft  notions. 

Let  two  bodies,  having  plain  furfaces,  be  per- 
fedly  hard  and  polifhed,  and  let  them  be  mo¬ 
ved  one  upon  the  other  ;  it  is  plain  that  the 
refiftance  caufed  by  the  fridion,  will  either  be 
none,  or  infinitely  fmall  •,  but  if,  inftead  of  this 
hypothefis,  which  is  not  in  nature,  we  conceive 
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two  bodies,  having  rugged  and  uneven  furfaces1, 
the  difficulty  of  moving  one  of  them  upon  the 
other,  can  come  only  from  the  neceffity  of  raif- 
ing  the  firft  to  difengage  its  parts  let  into  the  fe- 
cond,  or  from  the  preffing  and  rubbing  of  the 
parts  of  one  againft  thofe  of  the  other,  or  of 
both  together.  In  the  firft  cafe,  the  only  difficulty 
of  raifing  one  of  the  bodies  makes  that  of  the 
motion,  and  confequently  the  fridtion  comes 
only  from  the  greatnefs  of  the  weight  to  be 
raifed,  or,  which  is  the  fame  thing,  from  its  pref- 
fure,  and  the  greatnefs  of  the  furfaces  goes  for 
nothing.  In  the  fecond  cafe,  the  greatnefs  of 
the  furfaces  alone  would  do  all,  if  it  was  poffi- 
ble  that  this  fecond  cafe  was  abfolutely  feparated 
from  the  firft,  that  is,  that  the  parts  of  one 
body  were  rubbed  againft  thofe  of  another,  withr 
out  raifing  either  of  them,  for  it  is  vifible,  that 
a  greater  number  of  parts  to  be  rubbed  make  a 
greater  refiftance ;  but  becaufe  we  do  not  rub 
without  raifing,  at  leaft  in  pradtice,  the  refiftance, 
which  comes  from  the  greatnefs  of  the  furfaces, 
is  always  mixed  in  this  fecond  cafe  with  that 
which  comes  from  the  prefiure  *,  whereas  in  the 
firft,  that  which  comes  from  the  preffure,  may 
be  fingle  and  without  mixture.  Befides  that  part 
of  a  body,  which  fuffers  a  fridtion,  is  ufually 
very  fmall  with  regard  to  the  great  number  of 
times,  that  it  muft  be  raifed  in  the  fame  fridlion, 
and  to  all  the  fmall  heights  taken  together,  to 
which  it  muft  have  been  lifted.  Thus,  befides 
that  the  refiftance,  which  comes  from  the  pref- 
fure,  may  be  alone,  befides  its  always  accompany¬ 
ing  that  which  comes  from  the  greatnefs  of  the 
furfaces,  it  is  ufually  much  more  confiderable 
than  that,  when  it  does  accompany  it,  wherefore 
in  the  greateft  part  of  the  experiments,  it  is  the 
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only  one  that  makes  itfelf  be  perceived,  and  the 
only  one  that  we  ought  to  reckon.  But  as  it  is 
poflible,  that  in  certain  cafes  the  preffure  may  be 
very  flight,  and  the  number  of  parts  to  be  rubbed 
very  great,  or  what  is  to  be  rubbed  may  be  very 
confiderable,  it  mull:  then  happen,  that  the  fridlion 
fenfibly  follows  the  proportion  of  the  furfaces. 
This  fort  of  metaphvficks,  which  we  have  juft 
opened,  may  ferve  to  give  a  more  entire  and  per- 
fedt  idea  of  the  frictions,  than  that  which  might 
be  drawn  folely  from  experiments.  When  quef- 
tionsare  of  a  nature  to  permit  us  to  examine  what 
ought  to  be,  we  may  advance,  that  what  ought 
to  be  well  conceived,  is  alfo  certainly  that  which 
is,  and  often  fets  right  what  fee  ms  to  be. 

XXIII.  On  the  courfe  held  by  fever al  bodies , 
tied  together  by  cords ,  and  drawn  on  a  ho¬ 
rizontal  plane . 

Suppofe  feveral  weights,  fuch  as  you  will,  Fas¬ 
tened  to  the  fame  cord,  fo  that  the  parts  of  the 
cord  contained  between  thefe  weights  being  ftretch- 
ed  as  much  as  they  can  be,  may  make  angles  be¬ 
tween  themfelves,  fuch  alfo  as  we  will.  The 
cord  being  drawn  by  any  force  whatfoever  on  a 
horizontal  plane  every  where  equally  rough  and 
rugged,  if  all  the  weights  are  moved  together,  it 
is  certain,  that  they  will  have  different  courfes, 
from  the  diredtions,  which  they  had  before  to¬ 
wards  one  another,  which  alfo  were  only  the 
fame  parts  of  the  cord  where  they  are  fattened. 
Now  the  queftion  is  to  determine  what  all  thefe 
different  courfes  fhall  be,  and  the  force  neceffary 
to  move  all  thefe  weights.  This  is  what  M. 
Parent  has  done,  by  a  general  method,  which 
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contains  all  the  particular  cafes  poflible.  We  fhall 
here  give  only  the  principles  of  them. 

In  the  inftant  that  the  force,  which  draws  a 
body  on  a  rough  horizontal  plane,  is  ready  to 
make  it  part,  or  which  comes  to  the  fame,  ac¬ 
cording  to  the  geometry  of  infinites,  in  the  in¬ 
ftant  that  it  makes  it  defcribe  a  fpace  infinitely 
fmall,  it  is  exactly  equal  to  the  refiftance,  which 
this  body  brings  to  the  motion  *,  that  is,  to  its 
frifrion  on  a  rough  plane  *,  for  this  is  all  that  it 
has  to  furmount,  in  order  to  make  it  move.  We 
fhall  here  confider  only  the  refiftance  caufed  by 
this  fridlion,  and  the  bodies  drawn,  only  in  the 
inftant  that  they  are  ready  to  part,  or  defcribe  al¬ 
ready  fpaces  infinitely  fmall,  and  confequently  are 
in  equilibria  with  the  moving  force. 

If  two  weights  faftened  to  the  fame  cord  are 
drawn  by  a  force,  the  diredlion  of  which  is  in  the 
fame  line  with  this  cord,  it  is  very  plain,  that  pro¬ 
vided  this  force  is  equal  to  the  fridlion  of  the 
two  weights,  it  will  put  them  both  in  a  ftate  of 
parting,  and  moving  according  to  the  line  of  its 
diredlion.  But  if  the  diredlion  of  the  moving 
force  is  oblique  to  the  cord,  which  binds  the  two 
weights,  then  it  muft  be  confidered,  that  the  firft 
weight,  that  is,  the  moft  diftant  from  the  mov¬ 
ing  force,  refills  the  motion,  which  it  endeavours 
to  imprefs  on  the  fecond ,  which  is  the  neareft, 
and  upon  which  we  may  conceive  that  it  adfs  at 
firft,  that  this  fecond  being  drawn  by  the  force, 
according  to  its  diredlion,  it  is  therefore  at  the 
fame  time  in  a  manner  withdrawn  a  contrary 
way  by  the  firft ;  that  the  diredlion  of  the  firft: 
with  regard  to  the  fecond,  is  the  very  cord  that 
binds  them  •,  that  this  cord  being  oblique  to  the 
diredlion  of  the  moving  force,  the  adtion  by 
which  the  firft  weight  refills  the  motion  of  the 
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fecond,  or  draws  it  back,  is  therefore  oblique  to 
the  direction  of  the  moving  force,  and  that  confe- 
quently  according  to  the  theory  of  compound  moti¬ 
ons,  we  mufb  conceive  this  action  of  the  firft  weight 
with  regard  to  the  moving  force,  as  compofed  of  2 
others,  the  one  perpendicular  to  the  direction  of 
the  force,  the  other  parallel,  or  rather  being  in 
the  fame  line  with  the  direction  of  the  prolonged 
Force.  This  compound  motion  is  the  key  of  this 
whole  matter.  Seeing  one  of  the  two  fimple  aCti- 
ons,  in  which  the  oblique  action  of  the  firft 
weight  with  regard  to  the  fecond  is  refolved  or 
decompounded,  is  only  the  prolonged  direction 
of  the  moving  force,  the  firft  weight  draws  di¬ 
rectly  this  way  againft  the  force,  and  confequently 
the  force  cannot  move  the  fecond  weight,  with¬ 
out  its  being  greater  than  the  firft.  In  this  cafe* 
M.  Parent  retrenches  from  the  direction  of  the 
force  a  part  equal  to  the  aCtion  of  the  firft  weight, 
or,  which  is  the  fame  thing,  to  its  friCtion,  and 
there  remains  a  line,  which  reprefents  the  whole 
effort  that  the  moving  force  can  make  according 
to  its  direction  on  the  fecond  weight.  But  the 
firft  had  alfo  a  fimple  aCtion,  or  that  which  is 
perpendicular  to  the  direction  of  the  force.  Now 
by  this  aCtion,  it  is  not  at  all  oppofed  to  the  mo¬ 
tion  which  the  force  tends  to  imprels  on  the  fe¬ 
cond  weight,  for  it  might  this  way  make  the  fe¬ 
cond  move,  without  difplacing  the  firft,  that  is, 
the  fecond  would  turn  about  the  firft,  as  about 
an  immoveable  centre,  and  confequently  there 
would  not  be  any  friCtion  of  the  firft  weight  to 
furmount.  The  line  therefore,  which  reprefents 
this  fingle  aCtion  of  the  firft  weight,  remains  en¬ 
tire  *,  and  lalfly  the  diagonal  of  a  parallelogram 
formed  of  this  line,  and  of  that  which  remains  of  , 
the  direction  of  the  force,  will  reprefent  the 

whole 
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whole  adion  of  the  force  on  the  fecond  weight, 
modified  by  the  refiftance  of  the  firft,  or,  which  is 
the  fame  thing,  the  courfe  which  the  fecond 
weight  muft  follow.  As  for  the  firft,  as  it  does 
not  draw  any  other  weight  after  it,  and  as  its  mo¬ 
tion  is  not  modified  by  the  refiftance  of  any  o- 
ther,  the  direction  of  its  motion,  or  the  courfe 
which  it  takes,  is  the  fame  line  with  the  cord 
which  binds  it  with  the  fecond  weight. 

The  moving  force  therefore  makes  the  two 
weights  move  according  to  two  different  direc¬ 
tions  *,  the  firft,  according  to  the  cord  which  binds 
it  to  the  fecond  ;  the  fecond,  according  to  the 
diagonal  which  we  have  explained,  and  confe- 
quently  this  force  may  be  reprefented  by  thefe 
two  different  lines,  and  conceived  as  equal  to  their 
fum,  with  regard  to  the  other  addons  or  refi- 
ftances  reprefented  by  other  lines. 

The  force  and  the  two  weights  continuing  the 
fame,  if  the  direction  of  the  force  is  fuppofed 
more  oblique  to  the  cord  of  the  two  weights,  the 
fingle  addon  or  refiftance  by  which  the  firft  weight 
draws  the  fecond  back  direddy  againft  the  force, 
becomes  the  greater,  and  it  may  become  fo  to 
fuch  a  point,  that  the  force  will  be  no  longer 
capable  of  moving  the  fecond  weight  this  way, 
but  only  of  making  it  turn  about  the  firft,  which 
will  be  immoveable.  The  equilibrium  therefore 
here,  as  ufual,  depends  on  the  greatnefs  and  di- 
redion  of  the  weights  or  forces. 

If  the  force  was  not  great  enough  to  overcome 
the  friddon  of  the  fecond  weight,  it  could  never 
move  the  firft,  which  cannot  abfolutely  proceed 
without  the  fecond. 

Now,  if  inftead  of  tv/o  weights,  we  fuppofe 
three  bound  by  cords,  which  make  angles  between 
themfelves,  v/e  muft  make  upon  the  the  third  and 
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fecond  the  fame  reafonings,  which  M.  Parent 
has  made  upon  the  fecond  and  firft.  The  fecond 
will  draw  back  the  third  in  a  contrary  way  to 
that  of  which  the  force  will  draw  it  ;  and  becaufe 
the  direction  of  the  fecond  is  fuppofed  oblique  to 
that  by  which  the  force  draws  the  third,  this 
third  will  defcribe  a  diagonal,  which  will  be 
found  as  that  of  the  fecond  was,  when  there  were 
but  two.  But  it  mufti  be  obferved,  that  in  this 
cafe,  where  there  are  three,  the  courfe  or  diago¬ 
nal  of  the  fecond  is  no  longer  the  fame  that  it  was, 
and  the  reafon  of  it  is,  that  the  force  draws  it 
no  longer  according  to  the  fame  direction  a » 
before,  lince  we  fuppofe  it  draws  it  by  an  ob¬ 
lique  direction  to  the  cord  which  binds  the  fecond 
and  third.  Now  it  is  vifibie,  that  the  direction* 
by  which  the  fecond  weight  is  drawn,  cannot 
change  without  its  courfe  changing.  This  altera¬ 
tion  of  the  courfe  of  the  fecond  weight,  when 
there  are  three,  has  efcaped  a  geometrician  of  the 
firft  rank,  who  has  examined  the  fame  cafe,  and 
M.  Parent  thinks  himfelf  the  firft,  who  per¬ 
ceived  this  flight  inadvertency. 

The  cafeol  the  three  weights  being  well  under- 
ftood,  a  greater  number  of  weights  does  but  ren¬ 
der  the  application  of  the  principles  a  little  more 
complicated  and  difficult.  The  courfe  of  the  bo¬ 
dies  being  found,  the  value  of  the  force  which 
makes  them  defcribe  thefe  courfes,  is  foon  found; 
it  is  nothing  but  a  calculation,  which  we  leave 
to  the  algebraifts,  and  ic  is  fufficient  for  us  to  have 
given  the  foul  of  it.  « 
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I.  Obfervations  on  the  quantity  of  rain  that 
fell  at  Paris  at  the  royal  obfervatory ,  on 
the  thermometer ,  and  on  the  barometer  3 
during  the  year  1702,  by  M.  de  la  Hire 

TPI  E  year  1702  has  been  looked  upon  as 
one  of  the  mod;  extraordinary  that  have 
been  for  a  long  time,  for  the  drought  of  the 
fpring  and  fummer.  Yet  it  has  been  one  of  the 
mod  fruitful  in  grain,  excepting  the  fummer 
corn,  which  may  be  afcribed  to  the  natural  cool- 
nefs  and  moifture  of  the  lands  of  this  country.  Ic 
is  alfo  obferved,  that  when  the  end  of  fpring  and 
beginning  of  fummer  are  rainy,  the  weeds  grow 
very  much,  and  turn  up  the  corn  ;  and  befides 
in  moid:  feafons  there  often  come  fogs,  which 
fpoilthe  grain  when  it  is  beginning  to  form. 

The  quantity  of  water  which  fell  in  rain,  or 
in  fnow,  was  in  the  months  of 
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And  fo  during  the  whole  year  the  fum  was 
196  lines,  or  16  inches  j,  which  is  much  lefs 
than  in  the  common  years,  which  give  19  inches 
of  water.  But  it  muft  be  obferved,  that  very 
often  the  3  months  of  June ,  July,  and  Aug.  fur- 
nifh  as  much  as  all  the  reft  of  the  year,  which 
did  not  happen  this  year,  fince  thefe  months 
were  not  different  from  the  reft.  And  tho’  the 
water,  which  falls  in  thefe  3  months,  is  in  great 
abundance,  which  comes  only  from  fome  {forms 
that  go  over  quickly,  it  contributes  but  little  to 
the  nourifhmenc  of  plants,  as  it  is  fuddenly 
raifed  in  vapours  by  the  great  heat  of  the  earth 
and  air,  or  runs  off  into  the  ponds  and  brooks, 
without  penetrating  far  into  the  earth. 

My  thermometer  is  always  fituated  in  an  un¬ 
covered  place,  where  neither  the  fun  nor  wind 
can  affedt  it,  and  is  filled  with  1'pirit  of  wine  co¬ 
loured,  and  is  fealed  hermetically. 

It  was  at  the  loweft  this  year  at  14  degrees  \ 
Jan .  1.  which  was  a  fign  of  very  great  cold  ;  but 
from  the  6th  it  rofe  to  43  degrees,  and  it  kept 
up  all  the  reft  of  that  month,  and  even  at  the 
beginning  of  February  to  about40  degrees,  fome- 
times  a  little  more,  and  fometimes  a  little  lefs  ; 
tho5  the  cold  is  ufually  greater  at  the  beginning 
of  Feb.  On  Dec.  25.  it  was  at  44  degrees 
which  is  within  about  2  degrees  as  high  as  it  was 
in  the  beginning  of  June.  On  Dec .  1  7.  it  was 
the  loweft  fince  the  beginning  of  winter  at  30-3-. 

June  19,  it  was  at  60  degrees  f,  July  29,  at 
61,  and  Aug.  6,  at  62,  which  is  the  higheft  it 
came  to-,  but  Sept.  2.  it  was  again  at  6if. 
Whence  we  know  in  general,  that  during  the 
months  of  June ,  July ,  Aug.  and  the  beginning 
of  Sept,  there  were  very  great  heats.  The  great- 
eft  height  of  the  liquor  of  the  thermometer  was 

about 
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about  2  in  the  afternoon  at  71  degrees  f.  5. 
There  fell  no  fnow,  or  but  very  little,  either  at 
the  beginning  or  end  of  this  year. 

The  quickfilver  rofe  in  the  tube  of  my  barome¬ 
ter  to  28  inches,  2  lines  f,  Feb.  11.  The  wind 
was  then  S.  as  it  was  for  fome  days  before  and 
after,  tho’  the  barometer  always  kept  to  about 
28  inches,  which  does  not  agree  with  what  we 
ufually  obferve  of  the  height  of  the  quickfilver 
in  the  barometer  and  of  the  wind.  It  was  at  the 
lowed  26  inches,  5  lines  Dec.  20.  with  a  mode¬ 
rate  S.  wind,  which  is  very  extraordinary  •,  for 
this  great  falling  of  the  quickfilver  feemed  to  in¬ 
dicate  fome  great  dorm,  The  difference  there¬ 
fore  between  the  higheft  and  the  lowed,  was  1 
inch,  9  lines  j ,  much  more  than  ufual. 

M.  Amontons  having  propofed  this  year  to  the 
academy  a  thermometer,  like  that  of  Sanftorius , 
which  is  not  fealed,  and  having  the  degrees  of  heat 
marked  by  the  elevation  of  the  quickfilver  in  a 
tube,  indead  of  aqua  for tis  that  had  been  ufed  in 
engraving,  which  Sanfforius  employed,  the  heat 
and  cold  of  the  exterior  air  adling  on  that  of  the 
phial  of  the  thermometer,  and  having  obferved 
that  the  boiling  water,  in  which  he  had  plunged 
this  phial,  could  caufe  but  a  certain  dilatation  of 
the  air  inclofed  therein,  let  the  fire  be  ever  fo 
much  augmented  to  make  the  water  boil,  he 
judged  to  be  a  mean  of  having  a  term  known 
thro’  all  the  world,  to  which  the  different  degrees 
of  dilatation  or  heat  of  the  air  might  be  referred  *, 
and  having  given  me  one  of  thefe  thermometers, 
filled  after  the  manner  explained  by  him  to  the 
academy,  I  expofed  it  to  the  drong  dimmer  fun 
behind  a  glafs,  about  noon,  in  a  place  clofe  fhut 
up,  and  1  obferved  that  the  quickfilver  rofe  in  it 
at  the  highed  to  3  1  inches,  5  lines,  about  2  in 
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the  afternoon,  Aug.  5.  The  quickfilv»er  of  my 
barometer  was  then  at  27  inches,  10  lines 7. 

'The  declination  of  the  needle  was  Sept*  22, 
1702,  8°  48' towards  the  W.  It  was  obferved 
in  the  fame  place,  as  in  the  preceding  years,  and 
with  the  fame  needle,  8  inches  long. 


II.  "The  thermometer  reduced  to  a  fixed 
and  certain  meafure ,  and  the  means  oj 
ref  erring  to  it  the  ob/crvations  made  with 
the  old  thermometer ,  by  M.  Amontons  *  ; 
tranjlatcd  by  Mr.  Chambers. 


We  are  all  agreed,  that  heat  is  the  general 
caufe  of  all  the  effects,  and  all  the  productions 
upon  our  earth  ;  and  that  without  this,  the  whole 
would  be  a  fixed  motionlefs  mafs.  Heat,  there¬ 
fore,  being  as  it  were  the  foul  of  nature,  ’tis  of 
the  utmoft  importance  to  philofophers,  to  be  able 
to  meafure  it  with  exa&nefs ;  fo  that  the  inftru- 
ments  which  ferve  to  determine  the  feveral  degrees 
thereof,  cannot  fail  of  being  cultivated  in  a  fci- 
ence,  whofe  whole  object  is  the  knowledge  of  fuch 
effects  and  productions. 

But  as  this  knowledge  is  not  the  work  of  a  day, 
but  rather  of  many  ages ;  and  as  there  is  no  ar¬ 
riving  at  it,  but  by  a  long  feries  of  obfervations, 
the  application  whereof  frequently  cannot  be 
found  till  long  after  they  have  been  made  ;  one 
of  our  chief  cares  fhould  be  to  preferve  and 
tranfmit-  them  to  pofierity,  who  may  reap  the 
fruit  of  their  fathers  pains  ;  thus,  for  infiance, 
it  is,  that  by  the  length  of  the  pendulum,  which 
vibrates  feconds,  we  have  already  alcertain’d  all 
fuch  as  depend  upon  meafure  i  and  thus  by  the 
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equilibrium ,  which  we  have  found  means  to  make 
between  the  atmofphere  and  other  fluids,  whofe 
weight  is  known,  we  may  perhaps  be  able  to  as¬ 
certain  all  Such  as  depend  on  the  air  wherein  we 
live,  which,  according  to  many,  contains  the 
firft  principal  of  life,  and  which  therefore  can¬ 
not  be  too  much  cultivated. 

Sanfforius,  in  his  commentary  on  Avicenna , 
has  left  us  Several  methods,  whereby  he  appre¬ 
hends  this  might  be  attain’d  ;  but  the  thermome¬ 
ter  he  gives  us,  adling  at  leaft  as  much  by  the 
weight  or  lightnefs  of  the  air,  as  by  its  heat 
or  cold,  the  common  Spirit  of  wine  thermome¬ 
ters  are  juftly  preferr’d  thereto  ;  and  for  the  like 
reafon,  the  thermometer  lately  invented  by  me,  is 
preferable  to  thofe  others  ;  I  may  add,  that  being 
free  from  all  the  defedts  of  the  former  thermo¬ 
meters,  there  would  be  nothing  further  to  be  de¬ 
fied  on  this  head,  were  it  but  eafily  portable, 
and  no  necefiity  in  ufing  it  to  redlily  it  by  the 
weight  of  the  air. 

But  as  the  utmoft  care  is  to  be  taken,  not  to 
invert  it,  which  would  intirely  difcompofe  it ;  and 
as  in  every  time  of  observation,  regard  mull  be 
had  to  the  greater  or  lefs  weight  of  the  atmo¬ 
fphere,  in  order  to  allow  for  what  it  exceeds  or 
comes  fhort  of  28  inches ;  it  will  not  Suit  all 
kinds  of  perfons.  Upon  the  whole,  its  chief  ufe 
is,  for  perpetuating  to  future  ages  the  observa¬ 
tions  made  by  our  thermometers,  and  to  Serve  as 
a  fltandard,  whereby  to* regulate  all  thermometers 
which  have  the  fame  Scale.  The  manner  of  effedl- 
ing  which,  we  proceed  now  to  fhew. 
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¥0  regulate  a  fpirit  of  wine  thermometer  hy  an  air 

thermometer. 

*  As  to  the  figure  of  the  glafs,  and  the  li¬ 
quor  contained  in  it,  the  new  fpirit  thermometer 
does  not  differ  from  the  common  ones,  excepting 
its  magnitude  and  fcale,  which  is  exactly  equal 
to  the  fcale  of  an  air  thermometer,  when  recti¬ 
fied  by  the  weight  of  the  air  *,  its  graduation  is  by 
inches  and  lines,  of  which  there  are  two  orders, 
one  afcending,  the  other  defending. 

The  afcending  fcale  fhews  the  degree  of  heat, 
that  is,  the  quantity  of  inches  and  lines  height 
of  mercury,  which  the  heat  enables  the  fpring 
of  the  air  to  fuftain  ;  from  whence  it  follows, 
that  the  extreme  degree  of  cold  in  this  thermo¬ 
meter,  would  be  that  which  fhould  reduce  the  air, 
not  to  fuftain  any  weight  of  mercury  by  its  fpring, 
which  muft  be  a  degree  of  cold  much  more  intenfe, 
than  what  we  commonly  call  extreme  cold,  fince 
by  experiment  it  appears,  that  if  the  heat  of  boil¬ 
ing  water  enables  the  fpring  of  the  air  to  fuftain  a 
weight  equal  to  that  of  73  inches  of  mercury,  the 
degree  of  heat  which  remains  in  the  air,  when 
water  freezes,  is  fufficient  to  enable  it  to  fuftain 
51  inches  f,  which  deferves  particular  notice. 

The  graduation  which  defends,  fhews  the  de¬ 
grees  of  cold  below  the  heat  of  boiling  water, 
that  is,  the  number  of  inches  and  lines,  whereby 
the  diminution  of  heat,  below  that  of  boiling 
water,  enables  the  air  to  fuftain  lefs  mercury. 

Now  thefe  degrees  of  heat  and  cold,  indicated 
at  the  fame  time,  by  the  new  thermometer,  are  al¬ 
ways  the  complements  of  each  other  to  73,  which 
fhews,  that  when  one  is  known,  the  other  is  like- 
wife  known,  the  whole  as  reprefented  by  the  adjoin- 
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ing  figures,  which  fhew  wherein  the  graduation 
of  the  new  thermometer  differs  from  that  of  the 
old  one. 

By  this  new  thermometer  we  have  found,  that 
the  greateft  and  leaft  degree  of  heat,  experienced 
at  Paris ,  are  nearly  to  each  other,  as  6  to  5  ; 
fo  that  between  the  greateft  heat  of  fummer,  and 
the  fevereft  cold  of  winter,  the  difference  is  only 
about  a  6th  part.  Hence,  as  in  our  winter’s 
cold,  a  great  part  of  the  fluid  bodies  lole  their 
fluidity,  ’tis  highly  probable,  that  in  an  abfo- 
lute  cold,  wherein  there  were  no  remains  of 
heat,  no  fluid  body  would  be  excepted  from 
congelation,  which  feems  to  prove,  that  folidity 
is  the  natural  ftate  of  all  bodies. 

Tho*  the  thermometers  which  now  obtain, 
will  at  beft  only  ferve  to  make  a  grofs  com- 
parifon  of  the  degrees  of  heat,  without  meafur- 
ing  them,  yet,  as  multitudes  of  obfervations  have 
been  made  therewith,  that  pofterity  may  not  be 
altogether  deprived  of  the  benefit  of  them,  we 
fhall  fubjoin  a  method  of  rectifying  them,  by 
comparing  the  thermometers  ufed  with  that  here 
deferibed. 

To  reffify  obfervations  made  with  the  old  thermo¬ 
meters  by  the  new  one . 

Place  a  new  thermometer  for  fome  days,  afide 
that  which  has  been  ufed  in  making  obfervations, 
and  after  an  hour  or  two,  note  at  what  degrees 
both  of  them  ftand  *9  in  a  few  days  you  will  find 
them  confiderably  alter’d ;  note  their  degrees  as 
before,  then  divide  the  whole  fpace,  which  the  old 
thermometer  has  moved,  into  as  many  parts, 
as  the  fpace  moved  by  the  new  one  contains 
lines,  and  by  thefe  parts  make  a  new  gradua¬ 
tion  aflde  of  the  old  one,  diftinguifhing  them 
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by  12  and  12,  in  the  fame  order,  and  mark'd 
by  the  fame  figures  as  in  the  new  thermometers, 
with  which  they  will  perfectly  agree,  excepting 
that  they  will  be  greater  or  lefs,  as  thofe  thermo¬ 
meters  are  more  or  lefs  fenfible. 

To  diftinguifh  thefe  divifions  from  the  reft, 
they  may  be  called  reduced  lines,  12  whereof  will 
make  the  reduced  inch,  fo  that  the  two  thermo¬ 
meters  will  at  the  fame  time  point  out  the  lame 
inches  and  lines,  that  is,  the  fame  degrees  of  heat 
and  cold  ^  this  done,  it  will  be  eafy  to  reduce 
the  degrees  of  any  former  obfervations,  into  de¬ 
grees  of  heat  or  cold,  whofe  effect  is  better 
known. 

Suppofe,  for  inftance,  it  were  required  to  know 
v/hat  the  degree  of  heat  was,  when  the  old 
thermometers  ftood  at  the  50th  divifion  of  their 
fcale  ?  after  making  a  new  fcale,  as  already  di¬ 
rected,  we  fhall  find  that  the  place,  correfpond- 
ing  to  fuch  50th  divifion,  will  be  at  54  inches 
on  the  attending,  and  19  on  the  defending  fcale, 
which  fihews,  that  the  degree  of  heat,  which 
raifed  the  old  thermometer  to  the  50th  divi¬ 
fion,  is  the  fame  which  enables  the  air,  in  the 
ball  of  the  new  thermometer,  to  fuftain  54 
inches  of  mercury,  and  that  this  degree  is  about 
4  of  that  of  boiling  water. 

III.  Remarks  on  rain  water ,  and  on  the 
origin  oj  fprings ;  with  feme  particula¬ 
rities  concerning  the  conJiruBion  of  ci - 
ferns ,  by  M.  de  la  Hire  *. 

All  that  concerns  water,  both  for  the  neceffities 
of  life,  and  the  ornament  of  palaces  and  gardens, 

*  April  18,  1703. 
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has  always  been  regarded  as  one  of  the  principal 
forts  of  knowledge,  neceflary  for  men.  The 
greateft  care  has  been  taken  to  render  the  very 
imalleft  rivers  capable  of  carrying  great  boats,  and 
by  this  means  to  join  very  diftant  feas  together. 
Very  plentiful  fprings  have  been  brought  by  long 
turnings,  and  upon  very  elevated  aquedudts,  even 
to  places  where  nature  had  refufed  to  fupply  any. 
In  fhort,  a  great  number  of  machines  have  been 
invented,  to  raife  water,  and  to  carry  it  even  to 
the  top  of  mountains,  to  distribute  it  afterwards 
under  a  thoufand  different  figures,  with  fuperna- 
tural  motions,  and  to  make  a  fight  of  it,  worthy 
of  admiration.  This  was  enough  for  people  in 
general,  but  the  curiofity  of  thofe,  who  inquire 
into  the  fecrets  of  nature,  was  not  enough  fa- 
tisned  ;  they  wanted  to  know  the  origin  of  thefe 
fo  abundant  fources  of  water,  which  are  found 
all  over  the  earth,  and  even  upon  very  high 
rocks,  and  this  is  what  has  fo  much  exercifed  the 
ancient  and  modern  philofophers. 

We  find  twTo  principal  opinions  concerning  the 
origin  of  fprings,  each  of  which  is  founded  upon 
experiments,  which  feem  indubitable  ;  for  it  is 
evident,  that  feveral  fprings  have  for  their  prin¬ 
ciple  the  rain  water,  and  fnow  melted  upon  the 
mountains  ;  but  how  can  thefe  rains  and  thefe 
lhows,  which  are  very  rare  upon  keep  and  high 
rocks,  and  in  very  hot  countries,  furnifh  the  very 
plentiful  and  lading  fprings,  which  we  fee  in  fe¬ 
veral  places. 

The  reft  of  this  paper  is  tranflated  by  Mr. 

Chambers. 

But  the  great  objection  is,  that  we  have  fprings 
even  upon  high  and  keep  rocks,  and  in  the  hotted; 
countries,  where  little  rain  or  fnow  is  known 
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to  fall.  Others,  therefore,  chufe  to  have  recourfe 
to  certain  fubterraneous  cavities  in  form  of  alem- 
bicks,  wherein  the  vapours,  ifiuing  from  the  fub- 
iacent  fea- water,  and  rifmg  thro’  the  clefts  and 
crannies  of  rocks,  are  condens’d  by  the  cold  of 
the  furface  of  the  earth. 

M.  Mariotte ,  to  fupport  the  former,  made  an 
exadt  eftimate  of  the  quantity  of  rain  and  fnow, 
which  falls  on  the  tradl  of  land  that  furnifhes 
the  water  of  the  river  Seine ^  and  found,  that 
much  more  fell  than  was  neceffary  to  maintain, 
the  rivar  at  a  moderate  height,  during  the  courfe 
of  a  year 

Upon  reading  the  treatife  of  Dr.  Plott ,  De 
Origine  fontium ,  printed  1685,  I  was  led  to  make 
a  like  examination  myfelf  of  the  quantity  of  wa¬ 
ter,  which  the  rain  and  fnow  may  furnifh  towards 
the  formation  and  maintenance  of  fprings  and  ri¬ 
vers  •,  and  I  began  with  enquiring,  what  quantity 
of  rain-water  falls  on  the  ground  in  the  compafs 
of  a  year ;  the  refult  whereof  I  have  yearly 
communicated  in  the  memoirs  of  the  academy, 
by  which  it  appears  that  the  depth  of  water, 
which  falls  at  the  royal  obfervatory,  communi- 
kus  annis ,  amounts  to  between  19  and  20  inches, 
which  agrees  pretty  nearly  with  what  M.  Ma¬ 
riotte  had  found. 

But  being  in  doubt,  whether  this  whole  quan¬ 
tity  of  water  might  be  fuppofed  to  go  to  the  for¬ 
mation  of  fprings,  I  made  the  following  expe¬ 
riments  to  fatisfy  myfelf  he~eof - chufmg  a 

place  in  the  lower  terras  o  the  obfervatory,  I 
planted  a  leaden  bafon  therein  eight  feet  under 
ground,  the  bafon  was  four  feet  in  furface,  and  fix 
inches  deep,  being  a  little  inclin’d  towards  one  of 
its  angles,  to  which  I  had  folder’d  a  leaden  pipe 
1 2  feet  long,  one  end  whereof,  after  a  conlide- 

rable 
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rable  defcent,  came  into  a  cellar  ;  the  bafon  was 
contrived  at  a  distance  from  the  cellar- wall,  that 
it  might  be  furrounded  with  a  greater  quantity 
of  earth,  and  might  not  be  kept  dry  by  the  prox¬ 
imity  of  the  wall  *,  clofe  by  the  orifice  of  the  pipe 
in  the  bafon  I  put  feveral  flints  of  different  fizes, 
to  prevent  the  orifice  from  being  flopp’d,  when 
the  earth  fhould  be  thrown  over  it  to  the  depth 
of  eight  feet.  The  foil  is  of  a  middle  nature, 
between  fand  and  loam,  fo  that  the  water  might 
eafily  penetrate  it,  and  its  upper  furface  is  quite 
level. 

Now  I  apprehended,  that  if  the  rain  and  fnow 
water  penetrate  the  earth,  till  they  meet  a  clay  or 
compadf  earth  to  flop  them,  the  bafon  mufl  here 
have  the  fame  effedb,  fo  that  I  might  expedl  to 
have  a  fpring  of  water  burfling  into  the  cellar. 

But  having  no  great  opinion  that  this  would 
fucceed,  1  placed  another  bafon  at  the  fame  time, 
only  eight  inches  under  ground,  the  furface  of 
which  laft  was  64  inches,  and  its  flde  or  rim 
eight  inches  high  ;  for  this  purpofe  I  had  chofe  a 
place  fcreen’d  both  from  wind  and  fun,  and  took 
care  to  pull  up  all  the  grafs  and  other  herbs  which 
grew  over  the  bafon,  that  all  the  water,  which 
fhould  fall  on  the  ground,  might  pafs  uninter¬ 
rupted  to  the  bottom  of  the  bafon,  wherein / 
was  a  little  hole,  with  a  tube  to  convey  the  water 
into  another  veffel. 

The  effedt  was,  that  in  all  the  fpace  from  the 
12th  of  June  to  the  19th  of  Feb.  following,  no 
water  came  by  the  tube  from  the  bafon  ;  and  tho* 
it  began  to  run  now,  this  was  intirely  owing  to 
the  great  quantity  of  fnow  which  had  fallen, 
and  was  now  melting.  From  that  time  the  earth 
in  the  bafon  was  always  very  moift,  tho’  the  wa¬ 
ter  would  only  run  a  few  hours  after  raining,  and 

it 
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it  ceafed  running,  when  the  quantity  fallen  wa$ 
drained  off  *,  for  fome  always  remained  in  the 
earth,  and  would  not  go  off,  unlefs  fome  new 
rain  chanced  to  fall. 

A  year  after,  I  repeated  the  fame  experiment, 
but  only  buried  the  bafon  16  inches  under  ground, 
which  was  double  its  former  depth.  I  took  care 
likewife,  that  there  were  no  grafs  on  the  ground, 
and  that  it  might  be  fcreened  from  the  fun  and 
wind,  which  would  dry  it  too  fail.  The  effe£t 
was  much  the  fame  as  in  the  former,  excepting 
only  that  when  a  confiderable  time  paffed  with¬ 
out  raining,  the  earth  would  grow  a  little  dry  *, 
fo  that  a  moderate  rain  coming  on,  it  would  not 
moiften  it  fufficiently  to  make  it  run. 

Laftly,  I  planted  herbs  on  the  ground  over  the 
bafon,  but  found,  that  when  thefe  were  grown 
up  a  little,  the  ground  was  fo  far  from  fending 
me  any  water  after  rain,  that  all  that  fell  was  not 
fufficient  to  fuftain  them,  but  they  would  droop 
and  wither,  unlefs  fprinkled  from  time  to  time 
with  water. 

Upon  this,  I  bethought  myfelf  to  meafure  the 
quantity  evaporated  thro’  the  leaves  of  plants, 
when  expofed  to  the  fun  and  wind,  and  accord¬ 
ingly  on  the  30th  of  June ,  at  \  an  hour  paft  5 
jn  the  morning,  I  put  a  pound  of  water,  weighed 
very  exadtly,  in  a  glals  phial,  with  a  narrow 
neck,  and  gathering  2  leaves  of  a  fig-tree,  of  a 
moderate  fize,  which  together  weighed  5  drachms, 
48  grains,  I  immerged  the  ends  of  their  foot 
(talks  in  the  phial  of  water.  Thefe  leaves  when 
gathered.,  were  very  frefh  and  firm  \  but  after  ex- 
pofing  them  with  the  phial  to  the  fun,  which  was 
very  hot,  and  in  a  place  where  there  was  but  lit¬ 
tle  wind,  and  (topping  the  neck  of  the  phial  left 
vacant  bv  the  foot-ftalks  very  exactly  with  pa- 

per. 
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per,  that  no  water  might  evaporate  this  way,  I 
weighed  the  whole  again  at  1 1  the  fame  morn¬ 
ing,  and  found,  that  there  had  been  a  confump- 
tion  of  2  drachms,  which  the  fun  and  air  had 
drawn  away  from  the  moifture  of  the  leaves,  and 
which  can  only  be  repaired,  when  the  leaf  is 
growing  to  its  tree,  by  the  moifture  of  the  earth 
convey’d  to  it  thro’  the  roots. 

I  alfojmade  feveral  other  experiments  upon 
plants,  and  always  found  a  great  diminution  of 
their  moifture  •,  in  effedt,  having  meafured  the 
furface  of  fome  leaves,  and  considered  the  quan¬ 
tity  of  them,  which  ufually  covered  the  ground, 
I  apprehended,  that  the  rain  was  by  no  means 
fufticient,  efpecially  in  fpring,  to  fupport  them, 
without  fome  foreign  alfiftance.  ’Tis  true,  the 
air  and  dew  of  the  night  fupply  the  larger  trees, 
and  even  plants,  with  a  great  ftock  of  moifture, 
which  we  commonly  find  on  the  leaves  about  the 
fun- rife,  and  which  defended  into  the  roots, 
may  help  to  fupport  them  part  of  the  day  j  but 
this  moifture  alone  would  by  no  means  fuffice, 
were  they  not  to  borrow  a  great  quantity  from 
the  earth,  and  the  rain  which  pierces  the  fame,  as 
may  appear  from  the  following  experiments. 

What  has  been  faid  abundantly  fhews,  that  the 
rain  which  falls  on  the  ground  where  there  is 
grafs,  or  other  plants,  cannot  penetrate  it  2  feet 
deep,  excepting,  perhaps,  in  gravelly  or  ftony 
places,  where  it  may  fink  with  more  eafe.  Oi 
this,  we  have  an  inftance  in  the  rock  of  St.  Baulm 
in  Provence ,  where  the  rain  falling  on  this  rock, 
which  is  all  cleft  and  chinky,  as  well  as  void  of 
grafs  and  other  plants,  penetrates  in  a  few  hours 
time  into  a  grotto,  67  fathom  below  the  furface  of 
the  rock,  and  forms  a  beautiful  ciftern.  Hence 
on  fuch  rocks,  and  in  large  folutions  of  fnow  in 
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fummer,  we  frequently  find  certain  fprings  over¬ 
flow  at  a  great  rate,  during  certain  hours  of  the 
day,  and  this  even  feveral  times  in  a  day,  in  cafe 
the  fun  only  ihine  on  the  fnow  in  certain  different 
parts  of  the  day,  the  points  of  the  rocks,  &V. 
keeping  it  in  the  fhade  all  the  reft.  This  we  take 
to  be  the  reafon  of  thole  fprings  in  the  middle  of 
the  land,  which  have  an  ebbing  and  flowing  like 
the  fea. 

Thefe  experiments  convinced  me,  that  I  was  not 
to  expeeff  the  rain  or  fnow  water  to  pafs  thro*  8 
feet  of  ground  into  the  fii  ft  bafon,  which  I  had 
lodged  for  that  purpofe  •,  accordingly  in  the  15 
years  that  it  continued  there,  it  never  yielded  a 
Angle  drop. 

Whence  it  appears,  that  ’tis  but  few  fprings 
can  owe  their  origin  to  rain  and  fnow  ;  fo  that 
we  mud  of  neceflity  have  recourfe  to  other  caufes, 
in  order  to  account  for  the  formation  of  fuch 
plenteous  and  perenneal  fprings,  as  we  frequently 
find  in  high  places,  and  at  a  very  frnall  depth  under 
ground.  For  inftance,  that  of  Rungis  near  Paris, 
which,  however,  is  equally  inexplicable,  from 
the  fuppofition  of  thofe  fubterraneous  alembicks, 
or  grottos,  which  ferve  to  collect  and  condenie 
the  vapours  of  the  fea  water  ;  for  there  are  no  rocks 
in  the  country  all  round,  as  I  have  learnt  by  fe¬ 
veral  wells,  which  I  have  ordered  to  be  dug, 
and  that  the  ground  is  but  little  raifed,  and  the 
water  very  near  the  furface.  This  fpringfupplies 
50  inches  of  water  in  a  continual  llream,  without 
any  fenfible  change  or  interruption,  and  yet  .the 
whole  fpace  of  ground  which  it  can  arife  from, 
would  not  afford  fo  much  water,  were  all  the  rain 
that  falls  on  it  colledled  and  none  fpent  any  other 
way  •,  whereas  the  ground  is  all  tilled,  and  co¬ 
vered  either  with  grafs  or  corn  j  add,  that  in 
2  fomc 
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fome  vallies  near  this  place,  they  are  forced  to  dig 
very  deep  ere  they  come  at  water.  Others  hav^ 
endeavoured  to  account  for  thefe  fprings,  by  fup- 
poflng  certain  natural  canals  to  convey  water  from 
fome  high  river,  and  which  palling  over  high 
and  low  places,  and  even  perhaps  under  rivers 
which  come  a-crofs  them,  are  fo  clofe  and  well 
lined,  as  not  to  let  their  water  efcape  by  the  way, 
but  bring  it  into  the  place  where  it  burds  out  of 
the  ground  :  but  admitting  the  reality  of  fuch 
fubterraneous  canals,  I  am  fatisfied,  they  could 
only  have  a  defcent  neceflury  to  make  the  water 
flow  upon  a  clay  bottom  ;  but  to  fuppofe  natural 
tubes  high  and  low  dill  correfponding,  is  as  much 
as  art  can  compafs  in  a  little  garden. 

Yet  one  further  objection  lies  againft  this  hy¬ 
pothecs  j  for  if  thefe  high  fprings  arife  from  ri¬ 
vers,  thofe  rivers  muft  derive  their  water  from 
other  fprings  dill  higher ;  for  thofe  formed  by 
rains  and  melted  fnow  in  places  where  the  bottom 
is  firm,  can  only  form  brooks  or  torrents,  which 
will  be  of  fhort  continuance,  and  by  no  means 
able  to  fupply  the  continual  flux  of  fuch  rivers. 
The  large  collections  of  water,  as  ponds  frequent¬ 
ly  found  at  the  head  of  fmall  rivers,  prove  nothing 
as  to  the  origin  of  rivers  ♦,  fince,  by  feveral  ex¬ 
periments  we  have  found,  that  more  water  ex¬ 
hales  from  a  wide  veflfel,  than  can  fill  into  it  by 
rain. 

There  only  remains  one  method  of  accounting 
for  the  origin  of  thefe  fprings  *,  and  this  too  is 
liable  to  fome  difficulties. - We  are  to  fup¬ 

pofe  then  a  great  quantity  of  vapours,  to  pafs 
thro5  the  earth,  being  raifed  from  funds  of  water 
ufually  found  therein,  about  the  level  of  the  fea, 
or  the  neared  rivers  ;  that  thefe  waters  pafs  the 
more  freely,  as  they  meet  with  a  foil  eafier  to  be 
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penetrated  *,  fomething  of  which  we  find  upon 
opening  deep  pits  in  the  winter.  Now  the  par¬ 
ticles  of  fuch  vapours  may  be  united  again  and 
condenfed  into  water,  either  by  the  coldnefs  of  the 
furface  of  the  earth,  as  they  approach  thereto, 
or  by  meeting  with  a  foil  already  foaked  with 
water,  or  by  fome  other  matter  which  may  be 
difpofed  to  fix  them,  as  we  find  that  falts  expofed 
in  the  air  catch,  and  retain  the  watery  particles 
floating  therein.  Upon  this  the  water  growing 
flill  in  quantity,  and  coming  at  length  to  meet 
with  a  bottom  firm  enough  to  fuftain  it,  glides 
along  the  fame,  till  at  length  it  either  breaks  out 
on  the  furface  of  the  earth,  where  its  firm  bot¬ 
tom  happens  to  terminate,  or  finks  lower  into 
the  ground,  in  cafe  it  meets  with  apertures  in 

the  clay  bottom.  - This  feems  to  me  the  moft 

probable  account  ;  and  yet  in  this  we  are  to  con¬ 
ceive,  that  the  vapours  have  particular  canals 
whereby  they  pafs,  and  which  are  fo  clofe,  that 
the  water  formed  of  them  cannot  efcape  through 
the  fame. 

Being  defirous  to  know  by  experiment,  what 
might  be  expected  from  the  manner  of  conden- 
fing  the  vapours  by  their  faftening  upon  fiones, 
replenifhed  with  falts,  I  put  a  glals  veflfel  in  one 
of  the  cellars,  at  the  bottom  of  the  quarry  of 
the  obfervatory,  and  on  the  edge  of  the  veflH 
faftened  a  piece  of  linnen,  which  I  had  dipped  in 
water,  wherein  fait  of  tartar  had  been  difiolved. 
This  fait  I  chofe,  as  apprehending  it  more  dif¬ 
pofed  to  fix  the  vapours  than  any  other  add 
that  the  place  appeared  very  moifl,  efpecially  in 
fummer.  Some  time  after,  I  found  the  bottom 
of  the  vefiel  filled  with  a  liquor,  which  was 
only  the  water  produced  by  the  vapours  in  the 
air*  which  gathering  upon  the  linnen,  till  it  was 

fatu- 
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faturated  therewith,  the  furplus  had  trickled  down 
along  the  Tides  of  the  vefiel.  This  experiment 
I  would  have  carried  further,  to  fee  whether  the 
liquor  would  have  continued  running,  and  whe¬ 
ther  the  Tilt  in  the  linnen  were  carried  off  by  the 
water  ;  tho*  *tis  pofTible,  that  (lones,  containing 
lalts  fit  to  fix  the  vapours,  might  Rill  preferve 
their  Tilt,  and  even  acquire  new:  but,  in  my 
ab fence,  Tome  people  coming  into  the  cellar, 
broke  the  vefiel,  and  put  an  end  to  the  experi¬ 
ment. 

I  fhall  not  here  infiR  on  Tome  extraordinary 
kinds  of  fprings,  found  by  the  brink  of  the  Tea, 
and  upon  high  rocks,  which  ebb  and  Row  like 
the  Tea  itfelf,  and  yet  afford  frefh  water.  This  I 
have  elfewhere  accounted  for  mechanically,  by  fup- 
pofing  fubterraneous  refervoirs,  a  little  above  the 
level  of  the  Tea,  and  that  the  cavity  wherein  they 
are  placed,  communicates  with  the  Tea  by  certain 

canals. - For  it  mufi  follow,  that  when  the  Tea 

rifes,  it  will  comprefs  the  air  in  thefe  cavities, 
which,  prefilng  upon  the  water  in  the  refervoir, 
will  oblige  it  to  ifiue,  and  even  arife  thro’  certain 
clefts  or  pafiages  of  the  rocks,  till  it  arrive  at  the 
fur  face  of  the  earth,  where  it  will  form  a  fpring, 
which  mufi  gradually  diminifh,  as  the  Tea  ebbs 
or  retires;  that  is,  as  the  air,  before  comprefied, 
returns  to  its  natural  ftate. 

Thus  much  ior  the  origin  of  fountains :  I  Rial! 
now  proceed  to  Tome  obfervations,  which  I  have 
made  on  this  occafion,  as  to  the  advantages  which 
may  be  drawn  from  rain  water. —  The  moft  con- 
fiderable  is,  that  of  collecting  it  in  fubterraneous 
refervoirs,  called  citterns  ;  where,  after  it  has 
been  purified  by  pafiing  thro’  river  fand,  it  will 
keep  many  years  without  fpoiling.  This  water 
is  ufually  the  belt  that  can  be  ufed,  either  for 

I  2  drinking. 
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drinking,  or  for  the  other  oeconomical  purpofes, 
as  wafhing,  bleaching,  dying,  &c,  by  reafon  it 
is  not  mixed  with  any  fait  of  the  earth,  as  all 
fpring  waters  generally  are,  fuch  citterns  will  be 
of  great  advantage  in  places  where  there  is  no 
fpring  water,  or  even  where  all  the  well  waters 
are  naught.  I  need  not  here  enter  upon  the  con- 
ftrudtion  of  iuch  citterns,  nor  the  choice  of  the 
materials  to  be  ufed  therein,  fince  all  that  is  re¬ 
quired  is  to  have  a  place  which  will  hold  water, 
and  that  the  ftones  and  the  mortar  they  are  joined 
with,  may  not  communicate  any  vitious  quality 
to  the  water,  which  is  to  continue  there  a  con- 
fiderable  time. 

Thofe  who  have  fuch  citterns,  and  are  curious 
of  their  water,  take  care  not  to  let  any  water  of 
melted  fnow,  or  even  ofttormy  rains,  enter  the 
cittern.  The  former,  I  think,  they  have  forne 
reafon  to  exclude,  not  on  account  of  any  ialts, 
which  they  imagine  mixed  with  the  particles  of 
fnow,  but  only  becaufe  fuch  fnows*  ufually  lie 
feveraldays,  and  fometimes  whole  months  on  the 
roofs  of  boufes,  where  they  are  fpoiled  and  cor¬ 
rupted  by  the  dung  of  birds  and  other  animals,  as 
well  as  by  their  long  continuance  upon  tiles  and 
Hates,  which  are  always  very  dirty  •,  for  this  rca- 
fon,  when  it  begins  to  rain,  I  would  have  the 
firtt  water  which  falls  from  the  roof,  be  thrown 
away  as  naught,  having  only  ferved  to  wafh  the 
roof,  which  is  always  covered  with  duft,  railed 
from  the  mire  dried  in  the  ftreets  and  roads,  and 
only  admit  that  which  comes  afterwards  into  the 
cittern.  ; 

The  following  obfervation  relating  to  the  water 
which  is  to  be  excluded  from  citterns,  I  fell  « 
upon  accidentally,  having  been  engaged  for  fome 
years  in  collecting  the  water  which  falls  at  the  ob- 

•  l'ervatory. 
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fervatory,  by  means  of  an  iron  bafon  tinn’d 
over  as  already  defcribed  in  another  paper  ;  I 
ufed  to  wafh  the  bafon  as  well  as  the  vefiel, 
into  which  it  conveys  its  water,  as  quickly  as 
poflible,  at  the  beginning  of  any  rain,  which 
promifed  to  be  confiderable,  and  put  up  the  wa¬ 
ter  as  it  came  into  clean  glafs  bottles,  to  preferve 
it ;  but  being  defirous  at  length  to  tafte  this  wa¬ 
ter,  I  was  furprifed  to  find  it  very  ill  favoured, 
and  that  it  had  a  caff  of  fmoke,  which  to  me 
appeared  very  extraordinary,  as  I  had  often  tailed 
other  water  gather’d  in  the  fame  way,  which  had 
nothing  of  this  tafte,  nor  could  I  fee  any  thing 
that  might  give  it  this  fmoaky  tafte  *,  the  place 
where  it  was  collected  being  very  open  and  high, 
and  no  chimney  near  it  *,  but  confidering  at  length 
that  this  water  fell  with  a  north  wind,  which  is 
not  very  common,  that  being  a  wind  when  it 
rarely  rains,  and  that  the  whole  city  lies  to  the 
north  of  the  obfervatory,  the  fmoke  of  the 
chimnies  might  eafily  have  mixed  with  the  rain, 
and  thus  become  col ledted  along  with  it,  which- 
would  naturally  give  it  the  tafte  abovementioned  ; 
but  of  this  I  was  further  affured  fomedme  after, 
for  gathering  fome  rain-water  which  fell  with  a 
fouth  or  fouth-weft  wind,  on  which  quarter  there 
is  nothing  but  open  fields,  I  found  no  figns  in  it 
either  of  the  fmoaky  tafte  or  fmell,  from  whence 
it  follows,  that  all  thofe  rains  are  alfo  to  be  kept 
out  of  the  ciftern,  which  are  brought  by  winds 
which  pafs  over  places  infedted  with  any  ill 
fmell,  as  finks,  lay-ftalls,  large  cities,  &c.  for 
that  a  little  water,  impregnated  with  any  noi- 
fome  vapours  and  exhalations,  coming  to  mix 
in  the  ciftern,  will  corrupt  all  the  reft. 

In  effedt,  it  being  evident  from  all  experi¬ 
ments,  that  rain  water  purified  in  river  fand,  of 

all 
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all  its  mud  and  earthy  fmell,  is  both  the  moft 
wholefome  and  ufeful  of  all  others ;  I  have 
thought  of  the  moft  convenient  method  of  pre¬ 
paring  cifterns,  to  furnifh  every  houfe  with  a 

fufficient  quantity  of  water - in  order  to  this,  it 

is  fir  ft  obfervable,  that  a  common  houfe  about 
40  fathoms  in  furface,  if  properly  roofed  over, 
will  gather  every  year  about  2160  cubic  feet  of 
water,  reckoning  only  1 8  inches  per  annum , 
which  is  the  leaft  I  have  known  fall.  Now 
thefe  2  1  60  cubic  feet,  will  be  equivalent  to  75600 
pints  of  water,  at  the  rate  of  35  pints  to  a  foor, 
which  is  the  juft  proportion  for  the  Paris  pint; 
dividing  therefore  this  number  of  pints  by  the 
365  days  of  the  year,  we  fhall  have  200  pints 
a  day  •,  fo  that  fuppofing  25  perfons  to  live  in  the 
houfe  abovemenlioned,  there  will  be  eight  pints 
of  water  per  day  for  each,  which  is  more  than 
fufficient  for  all  the  ufes  of  life. 

It  remains  only  to  give  fome  inftruclions,  re¬ 
lating  to  the  place  and  manner  of  building  fuch 
cifterns  in  private  houfes:  in  feveral  towns  of 
Flanders ,  near  the  fea-coaft,  where  the  well-wa¬ 
ters  are  all  brackifn  and  bitter,  by  reafon  the 
foil  is  only  a  light  land,  which  the  fea-water 
can  pafs  thro5  without  being  purified  and  fweet- 
en’ed ;  every  houfe  has  its  feveral  cifterns,  but 
thefe  cifterns  are  under  ground,  and  are  only 
a  fort  of  cellars,  where  they  imagine  water  will 
keep  better  than  in  the  open  air  ;  and  in  efi'edg 
thus  much  is  true,  that  water,  especially  that 
of  rain,  will  not  keep  in  the  air,  by  reafon  of 
the  mud  it  abounds  with,  which  it  has  not 
wholly  depofited  and  left  behind  it  in  palling 
thro’  the  land,  fo  that  it  will  corrupt,  and  a 
greenifh  kind  of  mofs  grow  over  its  furface ; 
for  this  reafon  I  would  recommend  a  place  to 
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be  contrived  in  every  houfe,  about  fix  feet 
above  the  level  of  the  reft,  eight  or  10  feet 
high,  and  only  a  40th  or  50th  part  of  the  furface 
of  the  earth,  which  in  our  inftance  would  amount 
to  about  a  fathom.  This  place  being  built  round 
with  thick  walls,  a  leaden  ciftern  fhould  be  lod¬ 
ged  in  it,  into  which  all  the  rain  water  fhould  be 
convey’d  after  palling  thro’  a  proper  quan¬ 
tity  of  land  ;  a  very  fmall  door  would 
fuffice  for  it,  which  being  very  thick  withal, 
and  matted  over,  would  hinder  the  frofl  from 
reaching  the  water  ;  and  from  fuch  a  conduit 
might  the  water  be  eafily  diflributed  into  the 
kitchens,  £5 ?c.  This  water  being  well  fcreened, 
v/ould  keep  as  well  as  if  under  ground  ;  and  its 
being  a  little  elevated  above  the  level  of  the 
ground,  would  ferve  for  its  commodious  diftri- 
bution  to  all  the  lower  parts  of  the  houfe. 

I  have  lately  examin’d  the  feveral  rain  waters 
which  I  had  formerly  colledted,  and  kept  in  glafs 
bottles,  and  find,  that  tho’  fome  of  them  have 
a  very  ill  tafte,  which  might  be  owing  originally 
to  the  fmoke,  or  other  circumftances  above  men¬ 
tioned  ;  yet  others  remained  perfectly  good  and 
pleafant,  without  any  thing  of  that  earthy  tafte 
found  in  all  rain  waters.  1  fuppofe  this  is  owing 
to  their  having  fettled  and  depofited  their  mud, 
which  we  commonly  find  at  the  bottom  of  vef- 
fels,  where  rain  water  has  ftood  any  time. 

I  fhall  clofe  with  one  further  remark,  which  I 
made  on  fome  fpring  water,  near  Mont  mar  te  ; 
this  is  a  clear  and  good  water  for  drinking, 
yet  if  flefh  and  the  common  potherbs  be  boiled 
with  it,  the  broth  will  be  extremely  bitter,  which 
cannot  be  owing  to  the  nature  of  the  herbs  of 
the  place,  fince  if  rain  water  be  made  ufe  of, 
the  broth  will  not  have  the  leaft  caft  of  bitternefs. 

IV. 
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IV.  That  the  new  experiments  on  the  weight 
and  elaficity  oj  the  air  few ,  that  a  mo¬ 
derate  dtgree  of  heat ,  may  reduce  the  air 
into  a  fujjicie?itly  viole?it  ftate ,  to  be  the 
foie  caufe  of  very  great  earthquakes  and 
commotions  on  the  terre/lrial  globe,  by  M. 
Amontons  * ;  tranfated  by  Mr.  Chambers. 

This  furprifing  paradox  is  wholly  founded  on 
this,  that  we  know  no  bounds  of  the  conden- 
fation  of  the  air,  any  more  than  of  its  dilata¬ 
tion  ;  and  that  this  peculiar  property  it  has  of 
being  reducible  by  prefliire,  into  bulks  reci¬ 
procally  proportional  to  the  weights  it  is  com- 
preffed  withal,  may  make  it  furpafs  many  times 
the  weight  even  of  the  hcavieft  bodies,  and  in- 
creafe  the  force  of  its  fpring  accordingly,  in  which 
ftate  it  a£ts  upon  it  with  great  violence  *,  for  tho* 
it  has  been  affirm’d  by  Dr.  Halley ,  in  the  phi- 
lofophical  tranfadions,  that  according  to  the  ex¬ 
periments  made  in  London,  and  in  the  academy 
del  Cimento ,  no  power  is  capable  of  reducing  air 
into  a  bulk  800  times  lefs  than  what  it  poflefles 
cn  the  furface  of  the  earth.  As  he  does  not  re¬ 
late  thofe  experiments,  which  muff:  needs  be  very 
difficult  to  make  with  exabtnefs,  and  wherein  of 
confequence  it  will  be  ealy  to  be  deceiv’d  ;  and 
as  on  the  contrary  the  experiments  I  have  made, 
convince  me,  that  the  fpring  of  the  air,  confut¬ 
ing  only  in  the  motion  of  the  fiery  particles 
among  which  it  floats,  and  wherewith  it  is 
continually  pervaded,  it  does  not  appear  that 
we  can  expel  them  entirely  by  any  force  what¬ 
ever,  nor  conlequently  reduce  the  air  to  an  inca- 

*  May  19,  1703. 

1 


pacify 


Royal  Academy  0/ Sciences.  65 

parity  of  further  condenfution  ;  for  ’cis  evident, 
while  any  matter  remains  between  its  particles, 
fo  fluid  and  moveable  as  we  conceive  the  corpuf- 
cles  of  lire  to  be,  nothing  can  hinder  this  con- 
denflition  of  the  air  irom  continually  increafing 
more  and  more,  provided  the  caufe  which  pro¬ 
duces  it  be  increafed  accordingly. 

Be  this  as  it  will,  as  we  owe  a  great  deal  of  de¬ 
ference  to  the  accuracy  of  the  great  men  who 
have  made  thefe  experiments,  we  do  not  pre¬ 
tend  intirely  to  difallow  them,  only  it  were  to  be 
wiflied,  that  experiments  of  this  importance  were 
more  known  than  they  are;  in  the  meantime, 
till  we  have  an  occaflon  of  informing  ourfdves 
hereof,  or  of  making  experiments  of  the  like  te¬ 
nor  ourfelves,  we  fhail  fuppofe  any  bounds  of 
the  air’s  condenfation  as  well  as  dilatation  un¬ 
known,  nor  make  any  fcruple  for  fl retching 
them  as  far  as  we  may  have  occaflon  for,  with 
this  reftriction,  that  our  reafoning  fhail  be  redu¬ 
ced  to  the  terms  of  the  experiment,  whenever 
it  appears  certain  and  decifive. 

A  ccording  to  the  experiment  of  M.  de  la  Hire , 
related  in  M.  du  Hamel's  hiftory  of  the  academy 
for  the  year  1696,  a  column  of  air,  37  fathoms 
3  feet  high,  over  the  fur  face  of  the  earth,  only 
weighs  as  much  as  3  lines  £  of  mercury,  when 
prefled  with  the  weight  of  the  atmofphere,  which 
was  then  27  inches  5  lines  f  *,  but  as  this  weight 
for  diverfe  reafons  does  not  always  remain  the 
fame,  but  is  fometimes  lefs  and  fometimes  more, 
we  fhail  fuppofe,  for  the  more  eafy  calculating, 
that  a  column  of  air,  36  fathoms  high,  prefled 
wirh  28  inches  of  mercury,  weighs  as  much  as 
3  lines  thereof,  which  amounts  nearly  to  the  fame 
thing,  tho*  it  comes  nearer  the  truth,  as  will  ap¬ 
pear  hereafter. 
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Suppofe  then  with  M.  de  la  Hire ,  after  the  ex¬ 
periments  of  M.  Marioite ,  which  we  ourfelves 
have  verified,  that  quantities  of  air,  equal  in 
weight,  poffefs  places,  which  are  reciprocally 
proportional  to  the  weights  wherewith  they  are 
preffed  ;  on  this  principal,  the  weight  of  the  air, 
which  would  fill  the  whole  fpace  com  preffed  by 
the  terreflrial  globe,  would  be  equal  to  a  cylin¬ 
der  of  mercury,  whofe  bafe  is  equal  to  the  fur- 
face  of  the  earth,  and  whofe  height  contains  as 
many  times  3  lines,  as  that  fpace  contains  orbs 
of  equal  weight  with  that  of  the  36  fathoms, 
wherein  M.  de  la  Hire  made  his  experiment.  Now 
the  number  of  thefe  orbs  may  be  fo  great,  that 
the  cylinder  fhall  vaftly  lurpafs  the  magnitude  of 
the  terreflrial  globe,  as  may  be  eafily  proved  ;  for 
taking  for  inltance  the  denfity  of  gold,  which 
is  known  to  be  the  heavieft  of  all  bodies,  and 
to  be  no  lefs  than  14630  times  heavier  than  air 
in  our  orb,  it  will  be  eafy  to  gather,  that  this 
air  will  be  reduced  to  the  fame  denfity  as  gold, 
by  a  column  of  mercury,  containing  14630  times 
28  inches,  that  is,  409640  inches,  fince  in  this 
cafe,  the  bulks  of  air  will  be  in  the  reciprocal  ra¬ 
tio  of  the  weights  they  are  preffed  withal,  accord¬ 
ing  to  M.  Mariottt* s  experiments  and  our  own  ; 
and  thefe  409640  inches  will  exprefs  the  height 
of  the  barometer  in  the  orb,  where  the  air  was 
reduced  to  the  fame  denfity  as  gold,  and  the 
number  2  lines  /o f9V-+A  >  the  thicknefs  to  which 
the  36  fathoms  of  our  orb  would  be  reduced, 
that  is,  luch  thicknefs  of  an  orb  in  that  part, 
would  be  as  heavy  as  ours ;  fo  that  ’tis  evident  all 
the  ether  lower  orbs  of  air,  of  the  fame  thick¬ 
nefs,  would  weigh  confiderably  more  than  if 
they  were  mercury  *,  now  to  learn  the  number 
of  thefe  orbs,  we  need  only  caft  an  eye  over 
2  the 
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the  following  table,  which  contains  reductions  of 
the  thicknels  of  feveral  orbs  of  air,  equal  in 
weight  with  our  own,  by  different  heights  of 
mercury,  which  in  thefe  orbs  would  be  thofe  of 
the  barometer,  with  their  number  and  the  depth 
they  are  to  be  below  ours. 

The  orb  on  the  furface  of  the  earth,  prefTed 
by  28  inches  of  mercury,  being  36  fathoms 
thick. 

The  3 2d  orb,  992  fathoms  below  the  firft,  being 
prefTed  by  36  inches  of  mercury,  will  only  be 
28  fathoms  thick. 

The  68th  orb,  1899  fathoms  below  the  firft, 
being  prefTed  by  45  inches  of  mercury,  would 
only  be  22  fathoms,  2  feet,  4  inches,  9  lines, 
thick. 

The  136th  orb,  3213  fathoms  deep,  prefTed 
by  62  inches  of  mercury,  will  only  be  16  fa¬ 
thoms,  1  foot,  6  inches,  7  lines  thick. 

The  2  72d  orb,  5026  fathoms  below  the  firft, 
being  prefTed  by  96  inches  of  mercury,  would 
only  be  10  fathom  3  feet  thick. 

The  544th  orb,  7312  fathoms  below  the  firff, 
being  prefTed  by  164  inchffi  of  mercury,  would 
only  be  6  fathom,  10  inches,  6  lines  , z/4 . 

The  i092d  orb,  9850  fathoms  below  the  firft, 
being  prefTed  by  301  inches  of  mercury,  would 
be  3  fithoms,  2  feet,  1  inch,  1  line  jof  • 

The  2184th  orb,  12580  fathoms  below  the 
firft,  being  prefTed  by  564  inches  of  mercury, 
would  only  be  1  fathom,  4  feet,  6  inches,  5 
lines  —  - 

unci*  5  g  +. 

The  4368th  orb,  15492  fathoms  below  the 
firft,  being  prefTed  by  1120  inches  of  mercu¬ 
ry,  would  only  be  5  feet,  4  inches,  9  lines  AVo 
thick. 
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The  8736th  orb,  18404  fathoms  below  the 
firft,  being  prefled  by  2212  inches  of  mercury, 
would  only  be  2  feet,  8  inches,  9  lines  Hfi 
thick. 

The  i7472d  orb,  21T94  fathoms  below  the 
firft,  which  is  that  where  cork  would  be  iu- 
ftained,  being  prefled  by  4396  inches  of  mer¬ 
cury,  would  only  be  13  inches,  9  lines  4-3-9! 
thick. 

The  78960th  orb,  28595  fathoms  below  the 
firft,  which  is  that  where  oil  would  be  fultain’d, 
being  prefs’d  by  19768  inches  of  mercury,  would 
only  be  3  inches,  8  lines,  r9l-Vs  thick. 

The  82208th  orb,  28744  fithoms  below  the 
firfl,  which  is  that  where  wax  would  float,  being 
prefled  by  20580  inches  of  mercury,  would  only 
be  3  inches,  6  lines  thick. 

The  84112th  orb,  28836  fathoms  below  the 
firfl,  which  is  that  where  wine  would  be  fuftain’d, 
being  prels’d  by  21056  inches  of  mercury,  would 
only  De  3  inches,  5  lines  fliV/g  thick. 

The  86128th  orb,  28929  fathoms  below  the 
firfl,  which  is  that  where  water  would  be  fuftain’d, 
being  prefled  by  2  1 560  inches  of  mercury,  would 
only  re  3  inches,  4  lines,  iVflA  thick. 

The  124880th  orb,  30408  fathoms  below  the 
firfl,  which  is  that  where  honey  would  be  fuftain’d, 
being  prefled  by  31248  inches  of  mercury,  would 
only  re  2  inches,  3  lines  thick. 

The-  '638064th  orb,  39910  fathoms  below 
the  firfl,  which  is  that  where  tin  would  be 
luftairfld,  being  prefled  by  159544  inches  of 
mercury,  would  only  be  5  lines  thick. 

The  689808th  orb,  40208  fathoms  below  the 
firfl,  whim  is,  that  where  iron  would  be  fuftain’d, 
t  eing  preifi d  by  1724S0  inches  of  mercury,  would 
tnly  be  5  lints  ,f  thick. 

The 
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The  776048th  orb,  40708  fathoms  below  the 
firft,  which  is  that  where  copper  would  be  fuf- 
pended,  being  prefifed  by  194040  inches  of  mer¬ 
cury,  would  only  be  4  lines  j^VbVo  thick. 

The  890960th  orb,  41202  fathoms  below  the 
firft,  where  filver  would  be  fuftained,  being 
prefifed  by  222768  inches  of  mercury,  would 
only  be  3  lines  ff J4f J  thick. 

The  991648th  orb,  41551  fathoms  below 
the  firft,  where  lead  may  be  fuftain’d,  being 
prefifed  by  247940  inches  of  mercury,  would 
only  be  3  lines  \ thick. 

The  1172528th  orb,  42181  fathoms  below 
the  firft,  which  is  that  where  mercury  would 
be  fuftained,  being  prefifed  by  293160  inches 
of  mercury,  would  only  be  2  lines  fff-ffo 
thick. 

Laftly  the  1 638448th  orb,  43528  fathoms  be¬ 
low  the  firft,  which  is  that  where  gold  would 
be  fuftained,  being  preffed  by  409640  inches 
of  mercury,  would  only  be  2  lines  4V96 4^>  thick. 

It  muft  be  obferved,  that  tho5  in  this  table,  the 
orb, where  mercury  fhould  be  fuftained,  is  faidtobe 
3  lines  thick  and  upwards  *,  yet,  in  reality,  it  muft 
not  be  fo  much.  The  reafon  is,  that  the  experi¬ 
ment  upon  which  the  calculus  of  this  table  is 
founded,  were  made  by  feveral  perfons  •,  fome  of 
whom  found  the  weight  of  air  to  that  of  mer¬ 
cury,  as  1  to  10800  ;  and  others,  as  1  to  10470, 
in  lieu  of  which  ratios,  it  may  be  proper  to  take 
that  of  1  to  10368,  which  is  the  mean  between 
the  other  2,  and  correfponds  exactly  to  that  of 
3  lines  to  36  fathoms-,  befides,  that  this  laft  is 
much  more  commodious  for  calculation.  On 
this  footing,  the  orb,  where  mercury  would  be 
fuftained,  would  only  be  the  1161104th  its  depth 
below  ours  4193  1  fathoms,  and  the  number  of 

inches 
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inches  of  mercury,  it  would  be  preffed  by 
290276. 

As  to  the  ratios  of  air  to  other  bodies  expreffed 
in  this  table,  they  were  found  from  the  ratio  of 
1  to  770,  which  is  that  found  by  M.  de  la  Hire 
between  the  weights  of  air  and  water,  and  a  table 
of  weights  given  by  N[.Blondel\n  his  mechanicks  ; 
that  of  cork  was  found  by  experiment,  the  heights 
of  mercury  expreffed  in  the  table  being  to  each 
other,  as  the  numbers  which  exprefs  them  divided 
by  28,  we  need  not  here  givethofe  ratios,  whereof 
thefe  fame  numbers  are  the  equimultiples. 

You  may  now  clearly  perceive,  that  at  43528 
fathoms  depth,  the  air  would  be  at  leaft  4  hea¬ 
vier  than  mercury,  we  fay  at  lead,  by  reafon 
the  depths  afligned  to  thefe  orbs,  are  rather  too 
great  than  too  little.  Dr.  Halley ,  in  the  place 
already  quoted,  fhews,  that  thefe  depths  are  re- 
prefented  by  fpaces,  comprehended  between  a 
hyperbolical  line,  its  afymptote,  and  2  perpendicu¬ 
lars  to  the  afymptote,  reprefenting  the  produc¬ 
tions  of  the  fame  bulk  of  air  by  heights  of  mer¬ 
cury,  whereof  the  part  of  the  afymptote,  compre¬ 
hended  between  fuch  perpendiculars,  is  the  diffe¬ 
rence  ;  whereas  for  the  eafier  calculating,  we 
have  here  fuppofed  the  hyperbolical  fide  of  this 
fpace  to  be  a  right  line,  which  gives  thofe  depths 
fomewhat  greater  than  they  fhould  be,  though 
the  difference  is  not  very  confiderable. 

Now  this  depth  of  43528  fathoms  is  only  the 
4th  part  of  the  femi- diameter  of  the  earth,  which 
would  contain  many  millions  of  millions  more 
orbs,  equal  in  weight  with  ours  •,  fuppofing  that 
the  denfity  of  the  air  as  not  limited  to  that  ot  the 
heavieft  bodies  known  among  us  beyond  this 
depth,  that  v aft  fphere  of  6451538  fathoms  in 
diameter  ftill  remaining  of  the  terreftrial  globe, 

may 
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may  only  be  full  of  air  prodigioufly  condenfed* 
and  vaftly  heavier  than  the  heavieft  bodies  on  the 
lurface  of  the  earth. 

But  we  have  fhewn  by  the  experiments  re¬ 
lated  in  the  memoirs  of  1702,  that  the  more 
the  air  is  comprefied,  the  more  will  the  fame  de¬ 
gree  of  heat  increafe  the  force  of  its  fpring,  and 
render  it  capable  of  the  greater  effedt ;  that  the 
heat,  for  inftance,  of  boiling  water  will  increafe 
the  force  of  this  fpring  beyond  what  it  is  in  the 
degree  of  heat,  which,  in  our  climate,  is  called 
temperate,  by  a  quantity  equal  to  j  of  the  weight 
it  is  preffed  withal,  which  is  enough  to  induce  us 
to  believe,  that  a  degree  of  heat,  which,  in  our 
orb,  is  only  capable  of  a  very  moderate  effedl, 
becomes  capable  of  a  very  violent  one  in  the 
lower  orbs ;  and  as  there  are  degrees  of  heat  in 
nature,  vaftly  greater  than  that  of  boiling  water, 
*cis  poftible,  there  may  be  feme,  whofe  violence 
being  thus  ailifted  by  the  weight  of  the  air, 
may  be  more  than  fufficient  to  break  and  over¬ 
turn  this  felid  orb  4352 8  fathoms  thick,  wherein 
all  the  bodies  we  are  acquainted  of  are  contained, 
and  whofe  weight,  however  enormous  it  may 
feem,  is  only  a  trifle  in  comparifen  of  the  reft. 

But  if  it  be  obvious,  what  effedt  heat  would 
produce  in  thefe  lower  orbs,  we  do  not  fo  eafily 
conceive,  how  it  could  be  communicated  thither 
otherwife  than  by  defeending  through  the  upper 
orbs,  for  want  of  other  iftues ;  fince  the  air  of 
thefe  orbs  being  extremely  condenfed,  can  only 
contain  very  few  particles  of  fire  in  its  intervals  ; 
and  that  as  this  condenfation  grows  exceftive  to¬ 
wards  the  centre  of  the  earth,  it  muft  be  almoft 
wholly  void  of  air  in  that  part.  This  fentiment* 
kis  true,  (lands  quite  oppofite  to  that  of  M.  Def 
tartes,  and  the  fyftem  of  the  central  fire* 
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but  this  alone  fhould  not  make  it  be  difcarded, 
till  by  other  experiments,  more  convincing  than 
thofe  we  here  go  upon,  it  be  fhewn  erroneous. 

V.  Remarks  on  the  table  of  the  degrees  oj  heat 
in  the  philofophical  tranfadlions ,  for  April 
1701,  read,  by  M.  Geoffroy  in  the  afembly 
on  Tuefday,  July  24,  1703.  by  M.  A- 
montons  *  3  tranfated  by  Mr .  Chambers. 

•  » -  4  • 

As  to  the  firft  article,  we  do  not  fee  why  the 
author  fhould  fix  the  firft  degrees  of  heat  and 
cold  to  the  moment  when  water  begins  to  freeze, 
fince  there  are  other  liquors  which  freeze  more 
or  lefs  readily  than  water,  and  which  might  have 
had  preference  thereto;  nor  do  we  fee,  what  could 
oblige  him  to  make  the  diftindtion  of  hot  and 
cold  degrees,  fince  every  quantity  of  heat  may 
be  called  either  hot  or  cold,  according  as  it  is 
compared,  either  to  extreme  cold  or  intenfe  heat. 
The  degree  of  cold,  for  in  fiance,  where  water 
congeals,  being  a  confiderable  degree  of  heat, 
when  compared  to  extreme  cold  ;  be  this  as  it 
will,  the  degree  of  heat,  which  the  author  lays 
down  as  the  firft  in  his  fcale,  is  the  fame,  as 
that  marked  on  my  thermometer  for  51  inches, 
6  lines  ;  and  that  which  he  calls  34  degrees  and 
I,  which  he  lays,  boiling  water  cannot  paid,  is 
that  marked  on  my  thermometer  at  73  inches; 
fo  that  if  from  thefe  73  inches,  we  fubftradt  51 
inches  and  j,  the  difference  will  be  2  1  inches  j, 
which  being  divided  by  34  {,  will  give  7  lines 
of  my  thermometer  for  each  degree  of  this 
author.  On  this  footing,  what  he  calls  the  de¬ 
gree  of  heat  of  air  in  winter,  would  extend  from 

51  inches  and  f,  to  52  inches,  S  lines  i~. 

*  Aug.  4,  1703. 


W*- ♦ 


Royal  Academy  of  Sciences.  73 

What  he  calls  the  degree  of  heat  of  the  air  in 
fpring  and  autumn,  would  extend  from  52  in¬ 
ches,  8  lines  ff9  to  53  inches,  1 1  lines  f  j,  and 
his  temperate  would  be  at  53  inches,  4  lines  , 
which  is  7  lipes  -~f  below  ours,  that  is,  below 
the  temperature  of  the  vaults  of  the  obfervatory. 

What  he  calls  the  degree  of  heat  of  fummer’s 
air,  extends  from  53  inches,  11  lines  f  3,  to  55 
inches,  10  lines  which  is  2  inches,  9  lines  if 
below  our  greateft  heat,  and  the  whole  compafs 
which  he  allows  the  variations  of  air,  between 
the  heats  of  fummerand  winter,  is  only  3  inches, 

8  lines  |f  ;  whereas  with  us,  it  is  found  5  inches, 
computing,  as  he  has  done,  from  the  degree 
wherein  water  freezes,  which  is  far  from  being 
the  utmoft  degree  of  cold  felt  in  our  climate,  any 
more  than  56  inches,  6  lines,  are  the  greateft 
heat.  The  whole  extent  of  this  difference  being 
ufually  in  the  open  air,  and  without  fun  about  8 
inches,  which  induces  us  to  think,  that  the  au¬ 
thor  made  his  obfervations  in  a  clofe  place,  and 
comparing  his  temperate  with  ours,  it  readily 
appears,  that  his  obfervations  were  made  in  the 
colder  climate.  ’Twereto  be  wifhed,  the  author 
had  told  us  fomething  hereof,  and  had  expreffed  ' 
the  fubterraneous  temperature  of  the  place  of  his 
obfervations. 

The  degree,  which  he  calls  the  degree  of  heat 
of  noon-tide  air  in  the  month  of  ju/y9  and  which 
probably  determined  with  him  the  heat  of  the  air 
in  the  fummer’s  folftice,  is  much  below  that 
found  here,  his  only  reaching  to  55  inches,  10 
lines  and  ours  to  upwards  of  58  inches. 

The  degree,  which  he  calls  the  greateft  degree 
of  heat,  that  the  thermometer  is  capable  of  receiv- 
,  ing  from  the  natural  heat  of  the  human  body,  cor¬ 
responds  to  58.  inches,  1 1  lines  i3  of  my  thermo¬ 
meter;  and  the  experiments  I  have  made  on  this 
Vol.  II.  N°.  14.  L  head, 
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head,  would  convince  me  he  had  determined  rt 
very  accurately,  if  it  were  not  certain,  that  this 
natural  heat  is  always  the  fame  both  in  fummer 
and  winter. 

When  the  thermometer  flood  at  29  inches,  5 
lines,  feveral  perfons,  whole  pulfes  were  as  under¬ 
mentioned,  made  the  thermometer  rife  by  the 
heat  of  their  hands,  to  the  heights  exprefled  in 
the  other  column. 

Heights  of  the  thermom . 
- 58  inch.  6  lin. 

— 58 — 7 
— 58 — 5 
— 58 — 9 

— 58 — 7 
— 58 — 2 

— 58 — 5 

- 58 - -6 

One  of  thefe  perfons  putting  the  thermometer 
in  his  mouth,  could  not  make  it  rife  higher  than 

by  the  heat  of  his  hand. - By  the  way,  it 

may  be  obferved,  that  the  pulfation  of  the  arteries 
bears  no  relation  to  the  natural  heat,  and  that  the 
one  cannot  be  eftimated  from  the  other. 

As  to  the  7th  and  8th  article,  whole  degrees  of 
heat,  as  they  are  marked,  correfpond,  viz.  the 
7th  to  60  inches,  8  lines  of  my  thermometer, 
and  the  8th  to  62  inches,  1  line  *,  it  doth  not 
appear,  that  any  tiling  certain  can  be  determined 
thereon,  by  reafon  that  all  men  are  not  equally 
fenfible,  and  I  have  had  much  ado  to  keep  my*  i 
hand  any  time  in  the  bath  of  the  7th  article, 
when  my  fervants  fupported  that  of  the  eighth. 
For  a  confiderable  while  the  degree  of  heat,  where  ) 
the  bath  neither  appeared  to  me  hot  nor  cold,  I 

was 


Pulfes  in  a  minute. 

70 - 

74 - 

70 - 

66 - 

56 - 

68 - 

60 - 

So - 
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was  58  inches,  5  lines,  which  is  precifely  that  to 
which  the  heat  of  my  hand  would  make  the  ther¬ 
mometer  rife  *,  the  thermometer  then  Handing  at 
56  inches. 

The  degree  of  heat  of  a  bath,  wherein  melted 
wax  poured  therein  begins  to  fix  and  loofe  its 
tranfparence,  was  found  the  fame  as  the  author 
has  reprefented  it,  and  correfponds  to  64  inches, 
1  line,  with  my  thermometer. - The  de¬ 

gree  of  heat  of  a  bath,  wherein  he  fays  a  piece 
of  wax  will  melt,  anfwers  to  66  inches,  5  lines  if 
of  my  thermometer  ;  but  in  my  experiment,  a 
piece  of  white  wax,  10  or  12  grains  heavy, 
would  not  melt  intirely  in  water  lower  than  67 

inches,  3  lines.  — - A  piece  of  tallow,  of  the 

fame  weight,  melted  at  61  inches,  10  lines,  and 
a  piece  of  butter  at  59  inches,  9  lines. 

As  to  the  2d  column  of  his  table,  which  con¬ 
tains  the  fame  degrees  of  heat  in  a  geometrical 
expreflion,  it  feems  to  be  founded  upon  a  falfe 
principle,  which  is,  that  water  beginning  to  freeze 
has  no  degree  of  heat \  whereas  we  find  feveral 
other  bodies,  whofe  heat  fuffices  to  maintain  their 
fluidity  all  that  time  ;  and  thus  fo  far  is  the  heat 
of  boiling  water  from  being  almoft  triple  of 
the  natural  heat,  or  the  degree  of  fufion  of  wax 
double  thereof*,  that  ’tis  more  probable  thofe  de¬ 
grees  of  heat  are  only  to  each  other,  as  the  num¬ 
bers  59  f  5  66  f ,  and  73,  which  exprefs  the  force 
of  the  fpring  of  the  air,  occafioned  by  thofe  de¬ 
grees  of  heat,  when  it  has  not  liberty  to  extend, 
but  is  prefled  in  the  boiling  water  with  73  inches 
of  mercury. 

What  the  author  fays  of  the  hot  iron,  where¬ 
with  he  found  the  degrees  of  heat,  which  could 
not  be  had  by  the  thermometer,  is  not  very  in¬ 
telligible  :  his  words  are,  Cal  or  quern  ferrum  ca - 

L  2  lefatlum 
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lefaftum ,  corporibus  frigidis  fibi  contiguis ,  dato 
tempore  communicat ;  hoc  eft ,  calor ,  quern  ferrum 
dato  tempore  mittit ,  eft  ut  calor  totus  ferri  ;  which 
is  certainly  to  be  underflood  of  the  heat  remain¬ 
ing  ;  and  all  we  can  conceive  to  be  meant  by  it  is, 
that  the  quantity  of  heat  it  communicates  in  a  cer¬ 
tain  time,  is  equal  to  what  is  left ;  fo  that  a  hot 
iron,  which,  in  a  certain  time,  had  loft  \  its 
heat,  would  only  loofe  j  of  that  j,  that  is  a  -  in 
a  fecond  time,  equal  to  the  firft  ;  an  8th  in  a  third 
time  ;  a  1 6th  in  a  4th  time,  and  fo  of  the  reft : 
but  this  reafoning  feems  to  fuppofe,  without 
any  grounds,  that  the  ratio  of  two  to  one  reigns 
continually  in  this  decreafing  progrefTion,  whereas 
any  other  ratio,  as  of  3  to  1,  or  4  toi,  may  e- 
qually  obtain,  according  as  the  air  which  fur- 
rounds  the  iron,  and  to  which  it  communicates 
its  heat,  is  more  or  lefs  cold  ;  or  as  the  iron  is 
more  or  lefs  hot,  and  the  times  of  cooling  longer 
orfhorter  ;  all  which  circumflances  may  be  diver- 
fified  to  infinity, and  will  occafion  a  likediverfity  in 
the  ratios  of  the  progrefTion,  whofe  terms  are  to 
exprefs  the  different  degrees  of  heat.  So  that  to 
make  ufe  of  this  method  to  advantage,  we  fhould 
have  as  many  tables  of  logarithms,  as  there  may 
be  different  geometrical  progrefiions  *,  add  that 
we  are  not  afraid  that  the  air,  which  continually 
fucceeds  around  the  hot  iron  all  the  time  of  its 
cooling,  is  of  the  Time  temperature,  not  to  mention 
the  neccffity  of  fuftaining  this  hot  iron  by  fome 
body,  to  which  it  will  communicate  more  or  lefs 
of  its  heat,  as  fuch  body  is  more  or  lefs  cold,  or 

its  mafs  greater  or  final ler. - Being  unable, 

therefore,  to  determine  any  thing  precifely  in  this 
manner,  I  made  ufe  of  another. 

I  put  a  bar  of  iron  59  inches  long,  and  weigh¬ 
ing  30  lb.  almcft  upright  upon  charcoal  in  a  fur¬ 
nace, 
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nace,  where  there  might  be  the  value  of  a  bufhel, 
which  done,  I  lighted  the  charcoal,  and  took 
care  to  add  the  quantity  of  another  bufhel,  and 
two  feveral  times  in  proportion,  as  the  other 
wafted  ;  and  when  the  iron  was  heated,  fo  that 
the  lower  end  was  quite  white  hot,  it  ceafed  to 
be  red  at  the  diftance  of  5  or  6  inches,  and  at  the 
diftance  of  42  inches,  was  juft  fufficient  to  put 
butter  in  fufion.  Upon  this  I  laid  it  down  hori¬ 
zontally,  with  the  hot  end  on  the  fire,  and  the  o- 
ther  fupported  by  a  piece  of  wood,  and  laying 
the  following  matters  on  it  as  carefully  as  I  could, 
I  found  that  thin  glafs  would  melt  at  4  inches  J- 
from  the  lower  end. 

Lead  at  8  inches  \  \  gunpowder  kindled  in  the 
fame  place. 

Tin  melted  at  1 1  inches. 

Solder  made  of  three  parts  of  lead,  two  of  tin, 
at  12  inches. 

Drops  of  water  boiled  at  22  inches. 

Virgin  wax  melted,  at  30  inches  8  lines. 

Tallow  at  39  inches. 

And  butter,  as  already  mentioned,  at  42  inches. 

Now  if  we  confider  that  the  fpaces  on  this  bar, 
comprehended  between  the  boiling  water,  the  fu¬ 
fion  of  wax,  tallow,  and  that  of  butter,  are  to 
each  other  as  the  fpaces  marked  on  my  thermo¬ 
meter,  between  the  fame  degrees  of  heat ;  it  will 
eafily  appear,  how  all  the  other  degrees  of  heat, 
found  by  means  of  the  bar,  may  be  reduced  into 
degrees  of  my  thermometer.  This  I  have  effected 
in  the  following  table,  where  on  the  one  fide  are 
found  all  the  degrees  of  heat,  which  I  have  learned 
by  my  own  experiments  •,  and  on  the  other,  thofe 
delivered  in  the  philofophical  tran factions,  both  of 
them  reduced  into  degrees  of  my  thermometer, 
that  they  may  be  the  eafier  compar’d  together. 
o  All 
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All  that  here  remains,  is  to  examine  what  the 
author  has  laid  of  the  rarefactions  of  air,  linfeed 
oil,  and  fpirit  of  wine,  with  regard  to  which 
he  feems  to  have  been  grofly  overfeen,  at  lead: 
there  is  a  wide  difference  between  us  on  this  head, 
as  well  as  in  the  experiments  with  the  red-hot 
iron.  The  rarefaction  of  air,  fays  he,  under  an 
equal  degree  of  heat,  was  ten  times  greater  than 
the  rarefaCtion  of  the  oil  ;  and  the  rarefaCtion  of 
oil,  almolt  fifteen  times  greater  than  that  of  fpirit 
of  wine. 

On  this  footing  the  rarefaCtion  of  air  fhould  be 
1 50  times  greater  than  that  of  fpirit  of  wine,  un¬ 
der  the  fame  degree  of  heat,  which  I  have  found 
true  by  experiment ;  for  in  my  air  thermometer, 
its  bulk  at  the  time  when  water  freezes,  is  to  its 
bulk  in  boiling  water,  as  148  to  149  ~f , 
in  the  author’s  thermometer,  made  with  linfeed 
oil.  Thefe  bulks  are  to  each  other,  as  10000  to 
10705,  or  as  14  to  15;  and  in  my  fpirit  of 
wine  thermometer,  thefe  fame  bulks  are  to  each 
other  as  472  to  515,  or  as  1 1  to  12  ;  now  thefe 
augmentations  of  bulk;  ^g,  r4,  A,  are  to  each 
other  as  the  numbers  77,  814,  and  1036,  where 
we  find,  that  inflead  of  the  air’s  rarefaClion,  un¬ 
der  an  equal  degree  of  hear,  being  ten  times 
greater  than  that  of  linfeed  oil,  it  appears  by 
this  experiment,  10  times  and  \  fmaller,  and  14 
times  fmaller  than  that  of  fpirit  of  wine,  which 
is  far  from  being  150  times  greater  than  that  of 
fpirit  of  wine;  ’cis  true,  the  author  does  not  tell 
us  in  what  manner  he  obferved  this  great  rare¬ 
faClion  of  air,  and  that  in  my  experiment,  with 
the  air  thermometer,  the  air  is  not  only  continu¬ 
ally  preffed  with  the  weight  of  the  atmofphere, 
but  in  the  time  of  freezing,  compreffed  like- 
wile  with  a  column  of  mercury,  23  inches  and 
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i  high,  which  in  all  amounts  to  51  inches  and 
i  ;  and  that  this  column  is  continually  increafing, 
ho  that  when  the  water  boils,  the  column  is  73 
inches  high  ;  but  fuppofing  the  air  were  only 
preffed  by  the  weight  of  the  atmofphere,  its 
bulk,  according  to  M.  Mariotte’s  experiment, 
could  only  be  increas’d  in  the  ratio  of  103  to 
146;  in  which  cafe,  our  rarefadtions  would  be 
to  each  other  as  the  number  47 57,  814,  1036; 
where  it  may  be  obferved,  that  the  rarefadtion  of 
air,  under  an  equal  heat,  can  at  moft  only  be  5 
times  greater  than  that  of  fpirit  of  wine.  As  to 
the  rarefadtion  of  linfeed  oil,  fo  far  is  it  from 
being  1 5  times  greater  than  that  of  fpirit  of  wine, 
that  it  evidently  appears,  by  the  above  experi¬ 
ments,  to  be  lefs  than  that  of  fpirit  of  wine,  or 
even  of  brandy,  for  our  fpirit  was  no  more  in  the 
ratio  of  8 14  to  1036. 

A  fcale  of  feveral  degrees  of  heat,  found  both 
by  the  refiftance  of  the  thermometer,  and  of  red- 
hot  iron,  compared  with  thofe  in  the  philofophi- 
cal  tranfadfions,  for  April  1701,  both  the  one 
and  the  other,  exprefs’d  by  the  number  of  inches 
and  lines  of  mercury  high,  which  fuch  degrees  of 
heat  would  enable  the  air  inclofed  in  a  glafs  ther¬ 
mometer  to  fuftain  ;  fuppofing  this  height  fu- 
ftain’d  in  boiling  water,  prelTed  by  the  atmo¬ 
fphere,  to  be  73  inches. 


Degrees 


So  7/fo  History  and  Memoirs  of  the 


Degrees  of  heat. 

Degrees  of  heat, 

taken  from  the 

found  by  expo 

rhilof.  tranfift. 

riment. 

•  Degree  of  heat  of 

inch. 

//#. 

winter’s  air,  when  wa- 

inch. 

lin. 

5l 

-  6 

ter  begins  to  freeze. 

51 

6 

51 

-  6 

1  Degrees  of  heat  of^ 

; 51 

6 

5 2 

/ 

-  2 

\  winter’s  air.  J 

)  b 2 

4 

52 

-  9 

3  l 

Degrees  of  heat  of t 

■  53 

-  2 

5  2 — 

-  9 

‘  53 — 

-  2 

53 

-  4 

i  vernal  and  autumnal } 

!.  54 

-  0 

54  , 

-  0 

3  air.  t 

-  54 

-10 

54 

-  0 

?  Degrees  of  heat  of  ( 

;  54 

-10 

54 

-  n 

/ 

\  fummer  air.  j 

>  55 

-  8 

55 

-  2 

3  t 

Degree  of  heat  of 
the  air,  in  the  middle 

■  56 — 

-  6 

55 

-  2 

of  July. 

56— 

-  6 

The  greatefl  degree 

- 

of  heat  which  the  ther- 

mometer  can  receive 

from  the  heat  of  the 

59 

-  O 

human  body. 

That  of  a  bird  brood- 

1 

CO 

^0 

~  9 

59 

-  O 

ing  on  its  eggs. 

The  greatefl  heat  of 
a  bath,  which  the  hand 

6o — 

is  able  to  endure,  by 
keeping  it  continually 

-  s 

flirring. 

The  greatefl  heat  of 
a  bath,  which  the  hand 
can  fullain  for  any  con¬ 
tinuance,  without  flir- 

62 — 

-  I 

ing  it  about. 

Heat  of  a  bath, 
wherein  melted  wax 

■ 

> 

cafl  in  it  begins  to  fix 

64_ 

-  I 

and  lofc  its  tranfparence. 

64 

-  I 

De 

g 

66- 


73- 


g°- 


Degree  of  heat, 
wherein  a  mixture  of 
2  parts  of  lead,  3  of 
tin,  and  5  of  bifmuth 
fufed,  begin  to  harden 


73  0 

again. 

Degree  of 

heat. 

wherein  red-hot 

iron 

73  4 

cooling,  ceafes  to  make 

or 

drops  of  hot 

water. 

74 —  ° 

thrown  thereon. 

boil. 

Degree  of  heat, 
wherein  the  fame  red- 
hot  iron  ceafes  to  make 
drops  of  cold  water 
74 -  6  boil. 

The  final  left  degree 
of  heat,  wherein  a  mix- 
Vol.  II.  N°.  15.  M 


Royal  Academy  0/ Sciences. 

Degree  of  heat  of 
the  bath,  wherein  my 
hand  neither  felt  heat 

nor  cold.  ^3 _ 

Degree  of  heat  of  a 
bath,  wherein  a  piece 
of  wax,  remains  in 
fufion  without  ebul- 
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ture  of  i  part  of  lead, 

4  of  tin,  and  5  of  bif- 
muth,  melt  and  remain 
fluid. 

The  fmalleft  degree 
of  heat,  wherein  a  mix¬ 
ture  of  equal  parts  of 
tin  and  bifmuth  melt. 
This  mixture  fixes  as 
it  cools. 

The  degree  of  heat 
capable  of  melting  a 
mixture  of  2  parts  of 
tin,  and  1  of  bifmuth  ; 
as  well  as  a  mixture  of 

3  parts  of  tin,  and  2  of 
lead  ;  and  wherein  the 
mixtures  of  5  parts  of 
tin  and  2  of  bifmuth, 
and  of  equal  parts  of 
lead  and  bifmuth,  fix. 

The  fmalleft  degree 
of  heat,  wherein  a  mix¬ 
ture  of  1  part  of  bif¬ 
muth,  and  8  parts  of 
tin,  is  capable  of  fufing. 

The  degree  of  heat, 
which  puts  tin  in  fu- 
fion. 

The  degree  of  heat 
which  melts  bifmuth ; 
as  alfo  the  mixture  of 

4  parts  of  lead  and  1 
of  tin  ;  and  wherein  the 
mixture  of  5  parts  of 
lead  and  1  of  tin,  fixes 
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The  fmalleft  degree 
4  ofheat,  which  melts  lead. 

The  degree  of  heat, 
which  puts  glafs  in  fu- 
fion. 

The  fame  is  the  de¬ 
gree  of  heat  of  red-hot 
iron. 

The  heat  of  a  large 
charcoal  fire,  which 
turned  iron  extremely 
red,  and  made  it  fcale. 

Gun-powder  took 
fire  with  the  fame  de¬ 
gree  of  heat  as  melted 
lead. 

Solder  made  of  3 
parts  of  lead  and  2  of 
tin  melted,  at 

The  degree  of  heat, 
wherein  burnt  bodies 
ceafe  fhining  in  the 
dark,  and  wherein  heat¬ 
ed  bodies  begin  to  yield 
a  little  light,  but  fo 
weak,  as  hardlv  to  be 
6  perceivable. 

The  fame  degree  of 
heat  will  melt  a  mix¬ 
ture  of  equal  parts  of 
tin  and  regulus  martis. 

At  the  fame  degree 
of  hear,  a  mixture  of 
7  parts  of  biffnuth,  and 
4  parts  of  regulus  mar¬ 
tis  melted  together,  be¬ 
gan  to  fix. 
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The  degree  of  heat, 
wherein  burnt  bodies 
afford  light  in  the  dark, 
but  none  in  the  crepuf- 
culum. 

At  this  degree  of 
heat,  the  mixture  of 
2  parts  of  regulus  mar- 
tis,  and  1  part  of  bif- 
muth  melted  together, 
began  to  fix. 

The  fame  befel  a 
mixture  of  5  parts  of 
regulus  martis  and  1  of 
tin. 

The  degree  of  heat, 
wherein  melted  regulus 
martis  fixes. 

The  degree  of  heat, 
wherein  burnt  bodies 
afford  light  in  the  cre- 
pufculum  immediately 
after  the  fun’s  rifing  \ 

or  fetting,  and  none, 
or  very  little  in  the 
open  day. 

The  degree  of  heat 
of  a  little  lea-coal  lire 
without  blowing,  as  al- 
fo  the  heat  of  iron  turn¬ 
ed  as  red  as  it  could  be 
in  this  fire. 

Degrees  of  heat 
of  a  moderate  wood 
fire. 
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VI.  Barometrical  experiments  made  upon  fe¬ 
deral  moimtains  of  France,  by  M .  Ma- 

raldi*. 

In  a  journey  that  we  took  with  Meff.  Cajfiniy 
Chazelles ,  and  Couplet ,  under  the  direction  of 
M.  Caffini ,  for  the  determination  of  the  meri¬ 
dian,  we  made  fome  barometrical  experiments  on 
feveral  mountains  of  Auvergne ,  Languedoc ,  and 
Roujftllon ,  the  heights  of  which  above  the  fur- 
face  of  the  fea,  we  meafured  geometrically.  Thefe 
new  experiments,  which  were  made  at  much 
greater  heights  than  any  that  were  taken  before, 
may  ferve  to  fhew  the  properties  and  extent  of 
the  air,  and  how  much  it  is  rarefied  at  different 
heights  from  the  furface  of  the  earth. 

We  fhall  not  here  relate  the  particulars  of  the 
operations  and  calculations,  which  we  were  o~ 
bliged  to  make,  in  order  to  find  the  height  of 
thefe  mountains.  It  will  be  fufficient  to  fay, 
that  having  determined  their  diftances,  with  re¬ 
gard  to  the  points  contained  in  the  triangles  of 
the  meridian,  we  have  at  the  fame  time  obferved 
their  apparent  heights,  with  regard  to  each  other, 
and  that  we  have  made  thefe  operations  by  a 
feries  of  uninterrupted  obfervations  irom  the  moun¬ 
tains  of  Berri  to  the  fea-coafl  of  Rouffillon.  Then 
having  obferved  the  apparent  height  of  fome  of 
the  fame  mountains,  and  knowing  their  diftance 
with  the  femi-diameter  of  the  earth,  we  deter¬ 
mined  the  perpendicular  height  above  the  level 
of  the  fea  -,  and  we  concluded  the  perpendicular 
height  of  thofe  which  we  did  not  fee  from  the 
fea-coafi,  by  the  difference  of  the  heights  which 

?  Nov.  14,  1703. 
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had  been  obferved  between  thefe  mountains,  and 
the  reft,  which  had  been  already  known. 

To  follow  fome  order  in  the  report  of  thefe 
experiments,  we  fhall  begin  with  the  companion 
of  the  obfervations  made  on  the  barometer  at  the 
fame  time,  at  Colt  our  e ,  a  town  of  Rouffillon ,  and 
at  the  obfervatory,  in  the  weftern  tower  of  the 
great  hall.  This  comparifon  ferves  to  know  the 
different  height  at  which  the  barometer  keeps  at 
the  lame  time  in  thefe  two  different  places,  to  de¬ 
termine  the  height  of  the  obfervatory  above  the 
furface  of  the  Mediterranean  •,  and  confequently 
to  know  by  the  obfervations  made  at  the  obfer¬ 
vatory,  what  the  height  of  the  quickfilver  was  at 
the  fea-coaft  during  the  time  of  our  making  the 
obfervations  on  the  mountains,  when  we  could 
not  make  them  at  the  fame  time  at  the  fea-coaft. 

During  our  flay  at  Colioure ,  from  Feb.  19,  to 
March  12,  of  the  year  1701,  to  make  the  necef- 
fary  obfervations  for  the  meridian,  we  placed  the 
barometer  in  a  houfe,  ft  mated  on  a  rock  by  the 
fea-fide,  in  a  place  that  was  elevated  69  feet  a- 
bove  the  level  of  the  fea.  By  the  comparifon  of 
thefe  obfervations  made  during  one  month,  we 
find,  that  at  Colioure  the  quickfilver  was  ufually 
3  lines  j  higher  than  at  the  obfervatory.  II  we 
fuppoie  the  height  of  the  air,  which  agrees  to  a 
line  of  quickfilver  at  the  fea-fide,  to  be  10  toifes, 
as  M.  Mariotte  fuppofes  it,  in  his  ft  cond  efftuy  on 
the  nature  of  the  air,  by  the  difference  of  the 
height  of  the  quickfilver.  obferved  at  the  fame 
time  at  the  obfervatory  and  at  Colioure ,  of  3 
lines  and  -,  we  fhall  have  the  great  hall  of  the 
obfervatory  more  elevated  than  Colioure ,  by  33 
toifes  and  j  ;  which  being  added  to  1 1  toifes  { 
difference  of  height,  between  the  level  of  the  (ea, 

.  and  the  place  where  the  barometer  was  obferved, 

make 
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make  the  great  hall  of  the  obfervatory  45  toifes 
higher  than  the  Mediterranean ,  and  the  height  of 
the  quickfilver  lefs  by  4  lines  j  at  the  obfervatory, 
than  at  the  fea-fide.  This  height  of  the  hall 
of  the  obfervatory  differs  but  one  toife  from  that 
which  M.  Picard  has  determined  of  the  level  of 
the  ocean,  which  thereby  appears  to  be  the  fame 
level  with  that  of  the  Mediterranean. 

After  thefe  obfervations  made  at  Colioure ,  we 
carried  the  barometer  upon  a  fummit  of  the  moun¬ 
tains  near  Rouffillon ,  called  la  Mejfane ,  the  height 
of  which  above  the  furface  of  the  fea  was  mea- 
fured  geometrically  408  toifes.  On  this  moun¬ 
tain  we  found  the  height  of  the  barometer  25  in¬ 
ches,  5  lines.  We  had  found  it  fome  hours  be¬ 
fore  at  Colioure  juft  28  inches.  The  difference 
is  2  inches,  7  lines  ;  to  which,  if  we  add  1  line 
!,  for  the  height  of  the  place  where  the  barome¬ 
ter  was,  we  ftiall  have  32  lines  diminution  of  the 
quickfilver  for  the  height  of  408  toifes. 

We  made  another  experiment  with  the  baro¬ 
meter  on  the  top  of  Bugarach ,  a  mountain  of 
Languedoc ,  the  height  of  which  above  the  level 
of  the  fea,  has  been  determined  three  different 
ways  to  be  648  toifes.  The  barometer  on  the 
rap  of  the  mountain  held  fufpended  at  23  inches, 
S  lines  4,  at  the  fame  time  that  it  held  at  the  ob¬ 
fervatory  at  27  inches,  3  lines;  to  which,  if  we 
add  4  lines  f ,  which  are  due  to  the  height  of  the 
obfervatory,  above  the  level  of  the  fea,  we  fhali 
have  the  height  of  the  quickfilver  reduced  to  the 
fame  level  of  27  inches,  7  lines;  the  difference 
of  which,  from  23  inches,  8  lines’-!,  is  46  lines 
which  anfwer  the  height  of  648  toifes. 

In  October,  we  obferved  on  the  top  of  the 
mountain  of  la  Cofta ,  near  the  Mont-cLOr ,  in 
Auvergne ,  the  height  of  the  quickfilver  to  be 

23 
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23  inches,  4  lines.  It  was  obferved  the  fame 
day  at  Paris  to  be  27  inches,  10  lines,  the  diffe¬ 
rence  of  which  is  4  inches,  6  lines  *,  to  which,  if 
we  add  4  lines  j,  due  to  the  height  of  the  obfer- 
vatory  above  the  level  of  the  fea,  we  fhall  have  4 
inches,  10  lines,  for  850  toifes,  which  the  top 
of  this  mountain  is  elevated  above  the  furface  of 
the  fea. 

From  la  Cofia ,  and  feveral  other  points  of  the 
meridian,  we  fee  the  Puy  Domme ,  a  famous  moun¬ 
tain  near  Clermont ,  in  Auvergne ,  by  the  barome¬ 
trical  experiment,  which  M.  Perier  made  on  its 
fummit;  which  is  alfo  related  in  M.  Pafckal' s 
Traite  de  I’Equilibre  des  Liqueurs .  This  obler- 
vation,  which  is  the  firfl  that  was  known  to  be 
made  on  this  fubjeCt,  and  is  confiderable  for  the 
great  variation  of  the  quickfilver,  from  the  foot  of 
the  mountain  to  the  fummit,  was  indeed  fufficient 
to  prove,  as  was  propofed,  that  the  preffure  and 
weight  of  the  air,  are  the  cau fe  of  the  fufpenfion 
of  the  quickfilver*,  but  it  would  ferve  but  im¬ 
perfectly  to  find  the  height  of  the  atmofphere,  as 
has  fince  been  attempted,  becaufe  the  height  of 
the  mountain  above  Clermont ,  was  determined 
only  by  guefs,  and  its  height  above  the  furface 
of  the  fea  was  entirely  unknown.  By  the  fame 
method  that  we  have  ufed  to  find  the  height  of 
other  mountains,  we  have  fupplied  the  principal 
circumftance  that  was  wanting  in  this  obferva- 
tion,  having  determined  its  height  above  the  le¬ 
vel  of  the  fea,  to  be  810  toifes,  40  toifes  lower 
than  the  mountain  of  la  Cofia .  By  the  compa- 
rifon  which  we  have  made  of  M.  Perier’s  ex¬ 
periments,  having  had  regard  to  the  different 
height  of  the  quickfilver  between  Paris  and 
Clermont ,  which  refult  from  the  obfervations 
made  a  year  after  that  of  Puy  Domme ,  and  to 
1  .  the 
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the  falling  of  the  quickfilver  from  Clermont ,  quite 
to  the  top  of  the  mountain,  we  find  that  at  the 
height  of  810  toifes,  which  is  the  height  of  Dom- 
me ,  as  we  meafured  it,  there  would  be  a  diminu¬ 
tion  of  4  inches,  1 1  lines,  with  regard  to  the  fur- 
face  of  the  fea,  which  would  be  a  line  of  diminu¬ 
tion  more  than  we  found  upon  la  Cofta. 

This  difference  may  come  from  the  redudtions 
which  we  are  obliged  to  make,  as  there  were  no 
obfervation  made  at  Paris  on  the  day  of  the  ob- 
fervations,  which  fhould  have  been,  becaufe  of 
the  variation  which  often  happens  in  the  height 
of  the  quickfilver  from  one  day  to  another  ;  and 
indeed  it  may  come  from  the  difficulty  of  being 
always  exadt  in  fuch  nice  experiments. 

The  obfervations,  which  we  have  related,  ad¬ 
ded  to  thofe  which  were  made  in  1672,  by  M. 
Cajjini  at  Notre  Dame  de  la  Garde ,  near  Mar - 
feilles ,  and  to  thofe  which  M.  de  la  Hire  made  10 
years  afterwards  upon  mount  Clair et^  near  Tou¬ 
lon ,  have  ferved  us  to  find  a  rule,  according  to 
which  the  quickfilver  diminiffies  at  different 
heights  of  the  air  above  the  furface  of  the  fea* 
which  agrees  very  well  with  the  obfervations,  and 
is  eafily  retained. 

Suppofe,  that  at  the  fea-coafl  the  height  of  the 
air,  agreeing  with  a  line  of  quickfilver,  is  61 
feet,  which  make  10  toifes,  1  foot,  within 
part  of  M.  Mariotte* s  hypothecs  ;  that  the  height 
agreeing  with  the  fecond  line,  is  1  foot  more  than 
the  firft  ;  the  third  a  foot  more  than  the  fecond, 
and  fo  on. 

According  to  this  hypothefis,  from  the  furface 
of  the  fea,  to  the  height  of  178  toifes,  the  quick¬ 
filver  fhould  fall  15  lines  f.  M.  Cajjini* s  obfer¬ 
vation,  which  was  made  at  this  height,  gives  16 
lines  f.  At  the  height  of  2 57  toifes,  the  hypo- 
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thefis  makes  the  diminution  of  the  quickfilver  21 
lines  M .  de  la  Hire’s  obfervation  makes  it 
21  lines  7.  At  the  height  of  408  toifes,  accord¬ 
ing  to  the  calculation,  the  quickfilver  fhould  fall 
32  lines  -J,  which  agrees  with  the  oblervation  of 
la  MaJJane.  At  the  height  of  648  toifes,  thehy- 
pothefis  makes  the  falling  of  the  quickfilver  46 
lines  f,  inftead  of  46  lines  f,  according  to  the  ob¬ 
lervation  of  Sugar  ach.  At  the  height  of  851 
toifes,  it  is  57  lines  f,  inftead  of  57  which  re- 
lults  from  the  obfervation  of  la  Cofta . 

By  this  rule,  which  reprefents  all  the  obferva- 
tions  hitherto  made  within  lefs  than  a  line,  we  may 
know  within  a  few  toifes,  by  the  obfervation  of 
the  barometer,  the  height  of  a  mountain,  the  ele¬ 
vation  of  the  places  of  the  earth  above  the  fur- 
face  of  the  fea,  tho>  at  a  great  diftance  from  it, 
and  how  far  one  place  is  elevated  above  another, 
to  the  height  of  near  half  a  league  above  the  fur- 
face  of  the  fea,  which  is  the  height  where  our  ob- 
fervations  end. 

Following  the  fame  principles,  and  fuppofing 
the  height  of  the  quickfilver  at  the  fea-coaft  to  be 
28  inches,  as  it  commonly  is,  we  have  calculated 
what  the  height  of  the  atmofphere  fhould  be,  in 
this  manner.  If  from  the  height  of  the  quick¬ 
filver,  which,  at  the  fea-fide,  is  28.  inches,  or  336 
lines,  you  fubftract  the  half,  which  is  168,  and 
multiply  it  by  337,  the  number  of  lines  of  the 
fufpenfion  of  the  quickfilver  augmented  by  unity, 
and  divide  the  product  by  6,  the  quotient  will  be 
9436  toifes  *,  which  being  added  to  3360  toifes, 
due  to  336  lines  in  the  proportion  of  10  toifes  for 
each,  there  will  be  12796  toifes,  which  make  6 
leagues  j  for  the  height  of  the  atmofphere.  If 
we  calculate  in  like  manner  the  height  of  the  laft 
line  but  one,  we  lhall  find  that  the  air,  which  an- 
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fwers  to  the  greateft  height,  would  there  be  a- 
bove  6  times  more  rarefied,  than  the  air  is  at  the 
fea-fide. 

We  do  not  pretend  to  give  for  the  exatft  height 
of  the  atmofphere,  that  which  we  have  juft  found 
by  the  calculation  ;  it  is  an  attempt  that  we  have 
been  willing  to  make,  to  fee  what  refults  from 
our  obfervations  made  at  much  greater  heights, 
and  in  much  greater  number  than  what  we  had 
before. 

We  know  how  difficult  it  is  to  make  a  juft 
conclufion  of  the  meafure  which  we  have  made 
of  the  reft  of  the  atmofphere,  which  is  incom¬ 
parably  greater,  even  though  the  upper  air  fhould 
be  of  the  fame  conftitution  with  that  which  is 
near  the  earth.  But  befides  thefe  difficulties,  there 
are  alfo  other  confiderable  ones,  there  are  others 
which  may  come  from  the  variations  which  hap¬ 
pen  to  the  barometer  in  the  fame  country,  and 
from  the  different  variation,  which  is  found  in 
different  climates. 

For  we  have  obferved,  that  the  weight  of  the 
air  varies  confiderably  in  the  fame  places  at  diffe¬ 
rent  times  ;  that  it  is  ufually  more  heavy  in  fair 
ferene  weather,  and  lighter  when  it  is  cloudy  and 
full  of  vapours  •,  which  feems  fo  oppofite  to  the 
judgment  that  we  naturally  make  of  it,  that  be¬ 
fore  thefe  experiments  fome  celebrated  philofo- 
phers  made  no  difficulty  to  fuppofe  the  contrary. 

A  great  number  of  experiments  made  fome 
time  ago  in  Spain ,  Italy ,  and  England ,  and  com¬ 
pared  with  thofe  which  we  made  at  the  fame  time 
at  the  obfervatory,  have  ffiewn,  that  the  barome¬ 
ter  varies  in  the  fame  circumftances  of  time  ;  and 
what  is  very  confiderable,  thefe  variations  happen 
moft  commonly  on  the  fame  days,  efpecially 
thofe  which  are  quick  and  fudden.  We  have 
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found,  that  the  variations  of  the  barometer  are 
greater  in  the  northern  than  in  the  fouthern 
countries.  We  have  obferved,  that  in  Sweden 
they  are  of  the  greateft  height  of  the  barome¬ 
ter  *,  that  they  are  greater  there  than  in  France , 
where  they  are  but  one  r7  ;  that  in  France  they 
are  alfo  greater  than  between  the  tropicks,  and 
toward  the  equinoctial,  where  they  do  not  arrive 
to  part.  We  have  alfo  oblerved,  that  the 
barometer,  fituated  at  a  little  height  above  the 
furface  of  the  fea,  always  remained  lower  in  the 
obfervations  made  near  the  equinoCtial,  than  in 
Europe ;  fo  that  if  we  fuppofe  the  height  of  the 
air  above  the  furface  of  the  quickfilver  to  be  pro¬ 
portioned  to  its  fufpenfion  in  the  barometer,  the 
height  of  the  atmofphere  would  be  greater  to¬ 
wards  the  N.  pole,  than  near  the  equator. 

To  obtain  more  certain  informations  concern¬ 
ing  the  extent  of  the  air  by  experiments  made 
at  great  heights,  we  know  none  more  proper 
than  fuch  as  fhould  be  made  on  the  Canigouy 
which  is  the  moft  fouthern  mountain  of  the  Py¬ 
reneans ,  where  the  triangles  of  the  meridian 
are  terminated.  It  is  higher  than  the  mountains 
of  Auvergne ,  Languedoc ,  and  the  Pyreneans , 
which  we  have  obferved.  It  is  alfo  nearer  to 
the  fea-coaft,  from  whence  it  is  feen,  not  be¬ 
ing  above  i  o  leagues  from  it ;  fo  that  the  ex¬ 
periment  might  be  made  at  the  fame  time  on  the 
fea-coaft  and  on  the  mountain,  without  having 
occafion  for  any  reduction.  The  height  of  the 
Canigou ,  above  the  furface  of  the  fea,  meafured 
2  different  w7ays,  has  been  found  to  be  1440 
toifes,  which  are  a  little  lefs  than  f  of  a  league  in 
perpendicular  height,  which,  according  to  the 
hypothecs,  would  give  7  inches  of  diminution, 
wmch  make  ~  of  the  greateft  elevation  of  the  ba- 
3  rometer. 
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rometer.  We  had  determined  this  height,  as 
well  as  that  of  feveral  other  mountains,  in  the 
defign  of  making  barometrical  experiments  upon 
it ;  but  we  were  not  able  to  execute  it,  becaufe 
of  the  great  quantity  of  fnow  which  covered 
them  at  the  time  of  our  obfervations. 

As  the  principal  difficulty  in  thefe  experiments 
confifts  in  knowing  the  height  of  the  places 
where  they  are  made,  we  have  thought  it  proper 
to  give  here  a  catalogue  of  the  principal  moun¬ 
tains,  of  which  we  have  found  the  height  a- 
bove  the  furface  of  the  fea,  to  give  an  opportu¬ 
nity  to  the  learned  near  thefe  mountains,  to  make 
barometrical  experiments  upon  them,  and  to  fee 
if  the  hypothecs  propofed  anfwers  to  their  obfer¬ 
vations.  Ir  would  be  of  ufe  alfo,  to  make  upon 
fome  of  thefe  mountains,  fome  obfervations  for 
the  refraCtion  of  the  flars.  The  experiments 
which  M.  Coffin i  had  made  at  Marfeilles ,  and 
agree  with  thofe  which  we  made  laid,  having 
given  the  height  of  the  air  much  greater  than 
that  which  refults  from  the  hypothecs,  which 
he  had  ufed  in  determining  the  aftronomical  re¬ 
fractions,  gave  him  room  to  conjecture,  that 
there  might  be  fome  fluid  matter  difperfed  in  the 
lower  part  of  the  air,  and  a  little  elevated  above 
the  highefb  mountains  of  jthe  earth,  which  w^as 
the  principal  caufe  of  the  refraClions  of  the  flars. 
Thefe  obfervations  made  both  at  the  fea- fide, 
and  on  the  higheft  mountains,  would  ferve  to 
know  whether  this  refraCtive  matter,  different 
from  that  of  the  air,  is  really  in  nature;  where¬ 
as  at  prefent  he  propofes  it  only  as  a  commo¬ 
dious  invention  for  the  calculation  of  the  refrac¬ 
tions. 
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A  catalogue  of  the  principal  mount  ains,  of  which 
we  have  meafured  the  height  above  the  fur  face 
of  the  fea . 


Toifes. 

The  MaJJane  in  Roujfillon  -  408 

Rugarach  in  Languedoc  -  648 

Mountains  of  Auvergne. 

The  Puy  Domme - 810 

The  Cofta - 851 

The  Puy  de  Violent  - 853 

The  Cantal - 984 

The  Mont  d’Or,  which  is  the  higheft  mountain 
of  Auvergne - 1030 


The  Mont  Ventoux ,  in  the  Comtat  of  Avignon 

1036 

Mountains  of  the  Pyreneans. 

The  mountain  of  S.  Bartholomew ,  in  the  coun¬ 
try  of  Foix - 1185 

The  mountain  of  Mouffet - 1258 

The  Canigou - 1440 

VII.  Obfervatiom  on  a  petrified  brain ,  by 

M.  du  Verney,  jun.  *. 

Almoft  three  months  ago  an  ox  broke  loofe 
four  times,  juft  as  the  butcher  was  going  to 
knock  him  down.  This  remark  is  nor  ufelefs, 
becaufe  it  fhews,  that  it  was  no  weak  and  faint 
animal  ^  but  on  the  contrary,  very  ftrong  and 
vigorous.  When  they  came  at  laft  to  open  his 
head,  the  brain  refitted  the  cleaver.  The  butcher 
thinking  he  had  (truck  againft  the  iron  ring, 

to  which  the  head  was  taltened,  redoubled  his 
*  Nov.  14,  ’703. 
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blow,  but  to  no  purpofe  *,  and  having  in  vain 
(truck  a  third  and  fourth  time,  he  was  obliged 
to  take  a  hammer,  and  break  the  skull  in  pieces 
to  get  out  the  brain.  After  he  had  mafhed  the 
fkull  with  his  hammer,  he  and  his  companions 
were  furprifed  to  find  a  great  (tone  inftead  of  a 
brain.  They  brought  it  to  me  ;  and  I  was  (till 
more  furprifed  than  they,  when  I  faw  this  pro¬ 
digy.  As  all  the  parts  of  the  (kull  had  been 
broken  in  pieces,  it  was  impofiible  for  me  to  re¬ 
place  every  part. 

The  figure  of  this  brain  is  fingular,  and  very 
different  from  that  of  a  common  brain.  Its 
furface  is  all  over  uneven  and  rugged  ;  not 
much  unlike  a  piece  of  rock-work.  The  two 
great  lobes  are  thicker  and  clofer  than  they  are 
naturally.  Each  of  them  has  a  procefs  at  the  up¬ 
per  part  that  of  the  left  lobe,  which  proceeds 
about  a  finger’s  breadth  beyond  the  furface  of  the 
reft,  is  rounded  •,  that  of  the  right  lobe,  which 
rifes  about  an  inch,  is  larger,  and  forms  a  fort  of 
faddle,  terminated  at  each  extremity  by  a  pum¬ 
mel,  of  which  the  hinder  one  is  round  like  a 
little  button,  and  the  other  is  much  bigger  and 
broader,  and  has  a  fort  of  groove  in  the  middle. 
Thefe  two  eminences  leave  a  confiderable  fpace 
between  them,  which  is  continued  down  below 
the  bafe  of  the  fkull,  forming  from  fpace  to 
fpace  unequal  cavities,  of  a  greater  or  lefs  big- 
nefs,  of  which  the  two  more  confiderable  ones 
may  contain  a  final  1  filberd.  The  lower  part 
of  the  left  lobe  makes  a  blunt  procefs,  which 
advances  beyond  that  of  the  right-fide.  The 
different  windings,  which  form  the  furrows  of 
the  brain,  feem  in  fome  places  larger  than  ufual, 
and  alfo  feparated,  leaving  finuofities  and  depreffi- 
ons,  which  probably  were  hollowed  by  the  roo- 
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tion  of  the  veflels,  which  were  there  preferved  ; 
and  alfo  on  the  interior  lamina  of  the  fkull,  there 
are  furrows  formed  by  the  courfe  of  the  vefiels. 
In  feveral  places  of  the  lobes  of  this  brain,'  there 
are  windings  alfo,  which  are  dill  joined  by  the 
pia  mater ,  which  is  hardened  and  petrified  almod 
every  where  elfe,  as  well  as  the  brain  *,  only  within 
the  hinder  part  of  the  lobes, which  joins  tothe  lateral 
part 'of  the  cerebellum ,  there  is  alfo  a  tender  and 
fpongy  fubdance,  which  was  not  hardened  and  pe¬ 
trified  like  all  the  reft,  which  is  eafily  felt  by  in¬ 
troducing  a  probe  •,  for  this  part  does  not  refill 
the  probe  like  the  reft  *,  and  that  place  is  properly 
what  is  called  the  third  cavity,  or  the  third  ven¬ 
tricle,  above  which  the  pineal  gland  is  fituated, 
which  is  at  the  meeting  of  the  fmufs  of  the 
dura  mater.  Tho’  the  eminence  in  this  place 
is  bigger  than  a  walnut,  its  iituation  gives  room 
to  believe,  that  it  is  the  pineal  gland.  This  gland 
is  in  a  manner  articulated  by  its  anterior  ‘and  fu- 
perior  part,  by  the  two  procelfcs  of  the  lobes 
which  we  have  defcribed  ;  and  by  its  poderior 
and  inferior  part  with  the  cerebellum.  At  the 
lower  part  of  this  gland  there  are  feveral  ca¬ 
vities,  the  moll  confiderable  of  which,  at  the  fu- 
perior  and  pofterior  part  of  the  right  lobe,  forms 
a  great  finuofity,  which  palling  over  the  right-fide 
of  the  cerebellum ,  terminates  in  a  great  cavity, 
about  a  finger’s  breadth  in  diameter,  where  the 
beginning  of  the  medulla  oblongata  -mud  be. 
Above  the  fame  place  there  is  alfo  a  flight  de- 
preffion,  about  the  fize  of  a  denier ,  which  de- 
prefiion  is  alfo  covered  with  its  membrane,  and 
appears  tranfparent. 

At  the  bale  of  the  skull,  and  by  the  fide  of 
this  cavity,  near  to  another  pretty  confiderable 
finuofity,  there  is  alfo  a  tender,  fpongy  iubdunce, 

like 
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like  marrow  ;  for  in  introducing  a  probe,  it  not 
only  penetrates  very  eafily  to  the  depth  of  5  or 
6  lines,  but  in  drawing  it  back,  we  find  it  all 
covered  with  this  marrow  ;  and  what  is  very  lur- 
prifing,  is,  that  the  neighbouring  parts  are  all  as 
hard  as  marble. 

The  cerebellum  is  fituated  obliquely,  rifing 
forwards  upon  the  left  lobe ;  and  the  procejfus 
vermiformis ,  which  procefs  is  naturally  bent  back 
and  hid  under  the  lobes,  is  here  found  elevated 
above  the  left  lobe.  Between  the  fame  lobe  and 
the  fame  procefs  there  is  a  confiderable  cavity, 
of  an  irregular  figure,  approaching  to  an  oval, 
which  penetrates  very  forward  into  the  fub¬ 
ftance  of  the  brain,  and  at  the  place  where  it 
ends,  feems  lefs  hard,  and  only  offified.  The 
cerebellum  has  almofl  preferved  its  natural  fi¬ 
gure,  and  there  is  no  confiderable  cavity  found 
in  it,  but  only  fmall  depreflions  and  firms* s,  which 
feem  to  have  been  formed  by  the  feparation 
of  the  furrows. 

In  the  bafe  of  the  brain,  which  was  cut  by 
the  butcher,  we  may  fee  the  grey  and  the  w7hite 
part  diftinftly,  tho9  they  are  quite  petrified. 

After  the  circumftances,  which  i  have  juft  re¬ 
lated,  I  believe  no  one  can  queftion,  that  this 
brain  really  belonged  to  a  living  animal.  If  it 
had  been  all  ftone,  it  might  have  been  faid  to 
be  a  production  like  thole  bones,  which  fome 
take  for  foffils,  and  to  thefe  wonderful  petrifi- 
cations,  which  are  fometimes  found  in  the  earth, 
and  are,  if  I  may  fo  fpeak,  fports  of  nature.  But 
in  this  petrified  brain  fome  parts  are  bony  ;  and 
there  is  kill  a  tender  and  fpongy  fubftance  at  its 
bafe  j  there  is  alfo  a  fubftance  in  it  like  mar¬ 
row,  with  which  the  probe,  that  has  been  intro¬ 
duced,  is  covered.  All  thefe  faCts  prove  invin- 
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cibly,  that  this  brain  is  no  production  of  chance 
or  art,  as  thofe  fofTil  bones  and  fome  artificial 
productions  may  be.  The  fingularities  in  this 
brain,  are  characters  of  truth,  which  chance  can¬ 
not  imitate,  and  art  knows  not  how  to  imitate. 

Tho’  examples  are  not  neceflfary  to  authorife  a 
thing  fo  evident  *,  I  have  been  delighted  to  find 
in  the  works  of  a  celebrated  author,  a  faCt  like 
this,  which  confirms  it  •,  I  mean  the  famous  Bar¬ 
tholin ,  who  relates  it  in  his  anatomical  centu¬ 
ries  *.  He  fays,  that  in  his  time,  in  Sweden , 
as  a  butcher  was  going  to  kill  an  ox,  and  had 
fplit  his  fkull,  the  brain  refitted  the  blow,  and 
made  the  cleaver  fly  back ;  that  the  mafs  of  this 
brain  was  found  to  be  petrified ;  that  the  ox 
always  hung  his  head  down  when  alive  ;  that  he 
grew  very  lean,  which  determined  his  matter  to 
fell  him  to  the  butcher.  Bartholin  adds,  that  he 
had  not  feen  this  brain  •,  but  that  Steno  Bielke ,  the 
Swedijh  ambaflador,  from  whom  he  had  recei¬ 
ved  the  information,  had  allured  him  that  he  had 
feen  it  in  Count  Oxenjiiern*. s  houfe,  where  it  was 
kept,  and  that  this  ambaflador  had  promifed 
him  to  fend  a  very  exact  figure,  and  a  piece 
of  it.  The  difference  between  our  obfervation 
and  that  of  Bartholin ,  is,  that  the  ox,  which 
he  fpeaks  of,  was  extremely  lean,  whereas  ours 
was  fat,  and  in  good  condition. 

But  how  fhall  we  anfwer  the  objections,  which 
thefe  obfervations  furnifh  againft  what  has  always 
been  thought  on  fo  important  a  fubjeCt  ?  Bartho¬ 
lin  confefies  himfelf  very  much  puzzled  by  ir, 
The  brain ,  fays  he,  mujl  no  longer  be  reckoned 
among  the  noble  parts ,  fince  its  fundi  ions  are 
not  abfolutely  neceffary  to  life.  Thus  is  the 
brain  degraded  from  the  nobility,  which  it  has 

*  Lib.  VI.  Hift.  91. 
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hitherto  enjoyed.  I  agree  with  this  author,  that 
the  affair  is  very  puzzling;  but  yet  upon  due 
confideration,  I  believe  we  can  give  fome  folu- 
tions  to  thefe  difficulties. 

If  all  the  parts  of  our  ox’s  brain  were  equally 
petrified,  and  all  over  as  hard  as  they  are  in  a 
great  number  of  places,  it  would  be  very  diffi¬ 
cult,  not  to  fay  impoffible,  to  explain  how  the 
animal  could  have  lived ;  the  communication  of 
the  brain  with  all  the  other  parts  of  the  brain 
being  intercepted,  and  the  fpirits,  which  it  muft 
continually  fend  for  the  nouriffiment  and  enliven¬ 
ing  of  the  parts,  not  being  any  longer  able  to 
pals.  But  the  foft  and  fpongy  fubftance,  which 
is  alfo  found  in  fome  places,  as  has  been  obferved, 
gives  light  into  the  eftablifhment  of  fome  proba¬ 
ble  conjectures.  We  may  fay,  that  this  marrow¬ 
like  fubftance,  has  always  been  able  to  furnifh 
a  certain  quantity  of  fpirits,  not  only  to  caufe 
the  nerves  of  the  brain  to  perform  their  ordi¬ 
nary  functions ;  but  alfo  to  ferve  for  the  nutrition 
of  all  the  other  parts.  And  what  gives  room  to 
believe  it,  is,  that  in  the  bafe  of  the  fkull,  there 
were  alfo  found  fome  nerves,  which  feerned  to  be 
in  their  natural  ftate,  as  the  fpinal  marrow  alfo 
was.  We  cannot  queftion  but  this  was  fuffi- 
cient  for  all  thefe  different  functions,  if  we  con- 
fider,  that  fome  perfons  have  been  feen,  who 
have  had  the  fubftance  of  their  brain  very  much 
injured,  even  to  the  bafe  of  the  fkull,  and  yet 
have  performed  all  their  aCtions  as  freely  as  be¬ 
fore,  for  a  certain  time,  becaufe  the  nerves  had  not 
differed  any  diforder.  Thus  tho’  the  greateft  part 
of  our  ox’s  brain  was  petrified,  yet  the  animal 
lived,  becaufe  the  nerves  could  receive  and  diftri- 
bute  the  fpirits,  or  perhaps  prepare  them  them- 
felves.  We  fhall  be  eafily  led  to  embrace  this 
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opinion,  if  we  recollect  what  feveral  authors 
have  written,  that  children  have  been  born  at 
their  full  time  without  any  brain  ;  and  M.  Mery 
alfo,  whofe  merit  is  well  known,  has  fhewn  me 
the  fkeleton  of  a  child,  which  had  neither  brain 
nor  fpinal-marrow,  and  yet  had  all  its  nerves 
diftributed  as  ufual. 

The  remark,  which  Bartholin  has  made  in 
fpeaking  of  the  obfervation  already  mentioned, 
confirms  what  I  fay,  that  the  tender  and  fpongy 
fubftance,  which  is  found  in  fome  parts  of  the 
brain  of  our  ox,  has  been  able  to  furnifh  fome 
fpirits  to  the  nerves.  For  this  author  finding  it 
difficult  to  conceive  how  the  ox,  which  had  its 
brain  petrified,  could  live  till  he  was  knocked 
down  by  the  butcher,  and  fufpedting  that  there 
mull  be  in  the  brain  fome  open  finus's ,  thro* 
which  the  animal  fpirits  pafied  freely  from  the 
arteries  and  nerves  *,  he  was  confirmed  in  this 
opinion  by  M.  Bielke ,  the  Swedifh  ambaflador, 
who  afiured  him,  that  in  leveral  places  of  the 
brain  there  were  holes,  which  would  eafily  admit 
a  ftraw.  After  all,  in  what  manner  foever  the 
ox  was  able  to  live,  it  mull  be  acknowledged 
that  this  petrified  brain  is  a  fort  of  prodigy  ;  as 
we  fee  every  day,  that  flight  wounds  made  in 
the  brain,  or  only  in  its  membranes,  caufe  gene¬ 
ral  perturbations,  which  deprive  it  of  all  its 
functions. 

An  explanation  of  the  figures. 

Plate  II.  Fig .  i.  AAAAA.  The  circum¬ 
ference  of  the  brain. 

RBBB.  The  two  great  lobes. 

CC.  The  proccfies,  which  rife  above  the  upper 
part  of  the  brain. 
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DDD.  The  fpace,  which  begins  between  thefe 
two  eminences,  and  is  continued  below  the  bate 
of  the  fkull. 

E.  A  blunt  procefs,  which  proceeds  beyond 
that  on  the  right  fide  about  a  finger’s  breadth. 

FFFF.  Several  windings  feparated  and  half 
opened,  which  form  finuofities  and  depreffions. 

GGGG.  The  eminence,  which  I  take  to  be 
the  pineal  gland,  both  by  its  figure  and  fituation  ; 
and  by  its  infertion,  by  means  of  which  it  has 
preferved  a  fort  of  play  between  the  cerebrum  and 
cerebellum . 

Fig.  2.  reprefents  the  brain  feen  fide  wife. 

TIHHH.  The  cerebellum . 

I.  The  anterior  proce[]us  vermijormis ,  which  is 
raifed  above  the  left  lobe. 

L.  The  poflerior  procejjus  vermiformis. 

M.  The  cavity  between  the  cerebellum  and  the 
procefs  of  the  upper  part  of  the  left  lobe  ;  the  bot¬ 
tom  and  fides  of  which  feem  Iefs  hard,  and  only 
offified. 

N.  The  inferior  procefs  of  the  left  lobe. 

O.  The  fuperior  procefs. 

PP.  The  pineal  gland,  fituated  in  fuch  a  man¬ 
ner,  that  its  articulation  with  the  cerebrum  and 
cerebellum  is  eafily  feen. 

RR.  The  fuperior  procefs  of  the  right  lobe, 
made  in  form  of  a  faddle. 

S.  A  portion  of  the  left  lobe,  which  was  cut 
by  the  butcher. 

Fig.  3.  reprefents  the  fame  brain  feen  in  its 
upper  part,  where  we  fee  different  cavities,  which 
go  to  the  bafe  of  the  fkull,  marked  TTT. 
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VIII.  Remarks  on  the  inequalities  of  the  mo - 
tion  of  pendulum  clocks ,  by  M.  de  la  Hire  *. 

The  aftronomers,  who  have  taken  great  care 
to  regulate  the  motion  of  their  pendulums  at  fe- 
conds  by  the  motion  of  the  liars,  have  obferved 
fome  inequalities  in  them,  which  they  have  not 
been  able  to  reduce  to  any  certain  rules.  I  made 
fome  remarks  on  thefe  inequalities,  in  the  me¬ 
moir,  which  was  read  by  me  to  the  academy, 
and  printed  in  the  memoirs  of  1 700  *}*,  and  a- 
mongll  the  reft,  on  thofe  which  may  come  from 
a  little  fpring  plate,  which  I  had  put  inftead  of 
filk,  to  fuftain  the  pendulum  ;  for  I  had  thought, 
that  this  plate  not  being  fubjedt  to  the  alterations, 
which  happen  to  the  filk  by  the  drynefs  and  moif- 
ture  of  the  air,  the  vibrations  of  the  pendulum 
might  be  much  more  equal ;  but.  at  laft,  I  was 
obliged  to  take  away  the  plate,  and  put  the  filk 
again,  becaufe  I  obferved  much  greater  inequa¬ 
lities  than  before  ;  and  I  afterwards  found,  that 
the  clock  went  pretty  true,  fometimes  not  vary¬ 
ing  from  the  mean  motion  a  fingle  fecond  in  4 
days,  wherein  the  pendulum  makes  345,600  vi¬ 
brations.  But  I  have  alfo  fometimes  obferved, 
that  from  one  day  to  another  there  were  altera¬ 
tions,  donfiderable  enough  to  embarrafs  an  exadt 
obferver,  and  to  exercife  a  philofopher,  who 
would  fearch  out  the  caufe,  which  muft  necef- 
farily  be  phyficak 

The  different  ftates  of  the  air  feem  to  be  the 
foie  caufes  of  the  alterations,  which  we  obferve 
in  the  motion  of  the  pendulums :  for  it  is  hot  or 
cold,  dry  or  moift,  -light  or  heavy,  thick  or 
thin  ;  all  thefe  different  qualities  mixing  toge- 

*  Doc,  15,  1703.  f  Vol.  I.  Pag.  221  of  this  abridgment. 
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ther  in  different  degrees,  may  caufe  great  altera¬ 
tions  in  the  motion  of  clocks.  But  to  find  any 
thing  that  is  to  happen,  we  muff  confider  thefe 
different  ftates  feparately. 

We  fuppofe,  in  the  fir  It  place,  that  if  the  cy¬ 
cloid  is  well  made,  according  to  the  rules  which 
M.  Huygens  has  given,  all  that  can  accelerate  or 
retard  the  motion  of  the  wheels,  will  not  make 
the  clock  alter,  fince  there  could  only  happen 
longer  or  fhorter  vibrations,  which  would  not 
fail  to  be  ifochronical,  or  of  equal  duration.  Thus 
cold  being  able  in  fome  mealure  to  fix  the  little 
oil  that  is  faftened  to  the  pivots  of  .the  wheels, 
will  caufe  their  motion  to  be  more  difficult,  than 
in  a  warm  feafon,  when  the  oil  fhall  be  more  li¬ 
quid,  and  confequently  the  vibrations  will  become 
fhorter  ;  but  yet  they  will  be  of  equal  duration 
with  thofe  which  are  longer,  being  rectified  by  the 
figure  of  the  cycloid. 

The  moifture  that  clings  to  the  wheels  and  pi¬ 
nions,  may  caufe  almoff  the  fame  effedt,  without 
any  inequality  happening  to  the  motion. 

But  tho*  the  cycloid  is  the  necefifary  figure  to 
make  the  longer  or  fhorter  vibrations  be  ifochro- 
nical,  it  fhould  be  confidered,  that  it  could  have 
place  only  when  the  fufpenfion  has  no  big- 
nefs  or  thicknefs,  which  is  impoffible  in  the  exe¬ 
cution  •,  wherefore,  as  we  make  ufe  of  a  twifted 
filk,  thick  enough  to  fuffain  the  lentil  of  the  pen- 
dillon  or  pendulum,  which  is  heavy,  and  as  we 
muff  negledl  nothing  that  may  contribute  to  the 
juftnefs  of  this  motion,  the  figure  muff  not  be  a 
cycloid,  but  a  line  parallel  to  the  cycloid,  which 
may  be  diftant  from  it  toward  the  concave  fide, 
by  half  the  thicknefs  of  the  filk,  that  the  axis , 
or  middle  of  this  filk,  may  defcribe  the  cycloid 
exadtly,  as  I  have  explained  in  my  treatife  of 
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epicycloids ,  which  may  ferve  for  the  motion  of 
machines. 

We  may  alfo  obferve,  that  the  little  threads  of 
filk,  which  compofe  the  twine,  are  dry  and  ft  iff, 
and  that  they  may  confequently  fuffer.  altogether 
confiderable  alterations,  almoft  like  thofe  of  the 
plate  fpring,  which  is  ftiffer  in  cold  and  dry  wea¬ 
ther,  and  fofter  in  hot  ;  but  it  is  an  accident  that 
we  cannot  avoid,  when  we  make  a  flexible  fuf- 
“penfion  for  the  pendulum  ;  wherefore  we  might 
try  what  I  propofed  in  the  above-mentioned 
memoir. 

If  we  confider,  the  different  ftates  of  the  air, 
with  regard  to  the  pendulum,  and  not  the  wheel- 
work  of  the  clock,  we  fhall  obferve  fo  many 
different  accidents,  that  we  fhould  hardly  be  able 
to  think  a  clock  can  go  equally  for  an  hour  toge¬ 
ther,  during  which  the  pendulum  makes  3600 
vibrations. 

We  know,  that  the  heat  of  the  fun  in  fummer 
is  flrong  enough  to  heat  a  bar  of  iron  of  6  feet 
Jong,  and  to  make  it  longer  than  it  was  in  win¬ 
ter,  when  expofed  to  the  froft,  by  f  of  a  line, 
as  I  found  by  a  very  exadl  experiment,  which  I 
made  formerly.  Wherefore  thefe  two  different 
ftates  of  the  air,  with  regard  to  the  length  of  the 
pendulum,  which  fhould  be  3  feet,  8  lines  f,  to 
fwing  feconds,  might  alter  f  of  a  line,  which 
would  caufe  a  very  confiderable  difference  in  the 
duration  of  the  vibrations  of  the  pendulum,  fince 
it  might  go  as  far  as  32"  in  a  day.  But  as  this 
cafe  could  not  happen,  but  when  the  clock  is  ex¬ 
pofed  to  the  air  and  fun  in  thefe  two  feafons, 
which  is  not  frequent,  we  do  not  often  obferve 
fuch  great  alterations.  There  fometimes  happen 
pretty  confiderable  differences  of  heat  from  one  day 
to  another,  and  from  night  to  day,  to  make  the 
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rod  of  the  pendulum  lengthen  or  fhorten,  which 
may  retard  or  accelerate  the  motion  of  the  clock 
fome  feconds,  as  we  alfo  fometimes  obferve, 
which  may  come  from  this  caufe  alone.  Where* 
fore  in  the  ufe  that  is  made  of  pendulum  clocks 
for  celefbial  obfervations,  where  it  is  neceffary  to 
know  the  hour  with  the  utmoft  exadtnefs,  they 
muft  be  placed  where  they  are  as  much  fheltered 
as  poffible  from  all  the  injuries  of  the  air. 

The  moifture,  drynefs,  denfity  and  rarenefs  of 
.the  air,  may  all'o  caufe  confiderable  alterations  in 
the  motion  of  the  pendulum.  For  when  the  air 
is  moift,  that  is,  when  it  is  filled  with  a  quantity 
of  fmall  particles  of  water,  which  remain  fuf- 
pended  in  it,  or  when  it  is  denfe  or  thick,  the 
pendulum  will  find  a  difficulty  in  cleaving  it,  and 
its  vibrations  muft  then  be  of  much  longer  du¬ 
ration,  than  when  it  is  dry  or  rare.  For  we 
know  by  experience,-  that  a  very  light*  feather 
falls  in  a  tube,  out  of  which  the  air  has  been 
pumped,  almoft  as  foon  as  a  ftone  does  in  the  air. 
But  as  we  muft  not  judge  of  what  is  to  happen 
on  thefe  occafions,  without  making  the  experi¬ 
ment  if  poffible,  I  have  thought  that  if  the  moift 
and  thick  air  can  make  the  durations  longer,  than 
a  dry  and  thin  air,  we  ffiould  perceive  a  very 
great  difference  between  the  motion  of  the  pendu¬ 
lum  in  air  and  in  water.  To  know  what  it  wras, 
I  made  a  pendulum  or  half  feconds,  with  a  ball 
of  lead  weighing  2  ounces,  which  was  fufpended 
by  a  fine  thread,  and  I  put  it  in  motion  in  the 
water.  I  obferved,  at  fir  ft,  that  the  great  vibra¬ 
tions  were  quickly  Shortened,  and  that  the  motion 
fenfibly  diminiffied  after  a  little  more  than  a  mi¬ 
nute.  But,  as  I  was  perfuaded,  that  thefe  vi¬ 
brations  in  the  water  muft  be  at  leak  each  of  them 
a  fecond,  which  were  but  i  a  fecond  in  the  air, 
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I  was  very  much  furprifed  to  find,  that  they  ap¬ 
peared  to  me  almoft  as  quick,  or  of  equal  dura¬ 
tion,  with  thofe  which  were  made  in  the  air.  To 
meafure  them  exadtly,  I  caufed  the  vibrations  or 
the  clock  pendulum  of  feconds  to  be  counted, 
during  one  minute,  and  at  the  fame  time  I  coun¬ 
ted  the  vibrations  of  the  pendulum  of  half  fe¬ 
conds,  in  the  water  of  a  great  broad  veffel,  where 
the  ball  was  immerged  about  half  an  inch,  and  I 
found,  after  having  feveral  times  repeated  the 
lame  experiment,  that  the  pendulum  in  the  wa¬ 
ter  made  but  1 12  vibrations  inftead  of  120,  which 
it  fhoiild  have  made  in  the  air,  in  one  minute. 

I  made  alfo  the  fame  experiment  with  a  fingle 
pendulum  of  feconds,  the  ball  of  which  was  of 
lead,  and  weighed  5  ounces,  and  I  found,  as  in 
the  other,  that  the  great  vibrations  continued  but 
a  very  little  while,  and  that  the  pendulum  almoft 
flopped  entirely,  after  2  minutes.  But  it  made 
no  more  than  1 14  vibrations  in  the  water,  whilft 
the  pendulum  of  the  clock  made  120  in  the  air 
in  two  minutes.  Thus  the  retarding  caufed  by 
the  water  in  the  vibrations  of  the  pendulum,  is 
3"  in  a  minute.  I  could  have  been  glad  to  make 
the  obfervations  of  thefe  differences  of  vibrations 
in  the  water  and  air  for  20'  or  3c7,  to  know  more 
exa&ly  their  difference,  and  to  fee  what  propor¬ 
tion  there  was  in  the  retarding  of  the  vibrations  in 
the  water,  in  thefe  pendulums  of  different  lengths, 
but  I  could  not  proceed  any  farther. 

As  a  pendulum  of  feconds  lofes  in  the  water 
3 7  in  a  minute,  it  would  lofe  in  a  day  4320".  But 
if  we  fuppofc,  that  this  diminution  of  the  motion 
of  the  pendulums,  comes  from  the  denfity  of  the 
medium  ;  and  if  the  air  is  denfe  by  the  weight 
with  which  it  is  loaded,  without  having  regard  to 
the  quantity  of  particles  of  water  mixed  in  it,  it 
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will  follow,  that  if  the  weight  of  the  air  changes 
only  /g,  as  is  pretty  often  obferved  in  the  baro¬ 
meter,  2'8  of  4320"  of  retarding  the  pendulum  in 
the  water  for  one  day,  which  is  1 54",  will  be  the 
diminution  or  retarding  of  the  clock  in  the  fpace 
of  a  day,  with  regard  to  thefe  two  different  ftates 
of  the  air.  But  we  have  never  obferved  fo  great  a 
difference  as  that  in  pendulum  clocks  *,  we  cannot 
fay  therefore,  that  the  different  weights,  with 
which  the  air  may  be  loaded,  can  caufe  its  diffe¬ 
rent  denfities  *,  or  elfe  we  muff  confefs,  that  its 
different  denfities  have  not  the  fame  effed  on  the 
motion  of  the  pendulum,  as  the  denfity  of  the  wa¬ 
ter  has,  which  may  proceed  from  the  different 
configuration  of  the  parts  of  thefe  two  bodies,  of 
which  thofeof  the  air,  tho’  very  clofe  and  compad, 
may  be  eafily  feparated ;  and,  on  the  contrary, 
thofe  of  the  water  not  without  great  difficulty, 
being  adherent  to  each  other.  We  may  add  al- 
fo,  that  the  laft  vibrations  in  the  water,  being 
fhorter  than  the  firft,  go  fafler. 

It  would  be  for  this  reafon  alfo,  that  the  air, 
tho’  filled  with  particles  of  water,  would  but  lit¬ 
tle,  if  at  all,  retard  the  motion  of  the  pendulum, 
becaufe  all  thefe  particles  not  being  conneded, 
but  quite  feparated  by  the  particles  of  the  air, 
may  be  very  eafily  difplaced  between  the  particles 
of  the  air,  wherein  they  float. 

But  if  thefe  particles  of  water  do  not  retard  the 
motion  of  the  pendulum,  by  the  difficulty  of  be¬ 
ing  difplaced,  they  may  caufe  a  confiderable  al¬ 
teration  by  another  mean.  If  the  air,  from  being 
dry,  becomes  moift,  it  is  certain  that  a  very 
great  quantity  of  thefe  particles  cf  water  mult 
flick  to  the  furface  of  the  rod,  and  of  the  weight 
of  the  pendulum,  and  they  may  even  penetrate 
them  a  little ;  and  they  will  confequently  make 
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a  fort  of  covering  upon  the  rod  and  lentil  of  the 
weight,  which  will  have  its  centre  of  ofcillation 
different  from  that  of  the  compound  of  the  rod 
and  weight ;  wherefore  the  centre  of  the  ofcil¬ 
lation  being  then  different  from  what  it  was  be¬ 
fore,  the  duration  of  the  vibrations  will  not  be 
the  fame  as  it  was.  Not  that  we  can  in  any  de¬ 
gree  remedy  this  accident,  in  ufing  for  a  pendu¬ 
lum  a  cylinder  with  a  very  fmall  bafe,  which  is 
homogeneous  in  its  whole  length,  and  being  fuf- 
pended  by  the  extremity  of  its  axis ,  would  very 
near  have  the  fame  point  for  the  centre  of  ofcil¬ 
lation  of  its  furface  and  of  its  body,  and  confe- 
quently  whatever  alteration  happened  to  this  fur- 
face,  provided  it  was  equal  in  all  its  parts,  the 
motion  of  the  pendulum  would  not  be  fenfibly 
altered.  It  woufd  be  the  fame  thing,  if  inftead 
of  a  cylinder  we  made  ufe  of  a  parallelipipid, 
and  provided  it  be  alio  fulpended  by  the  extre¬ 
mity  of  its  axis. 

Laflly,  if  the  cycloid  waS  ill  made,  it  might 
caufe  new  irregularities  in  the  motion  of  the  pen¬ 
dulum,  according  as  its  vibrations  fhould  be  lon¬ 
ger  or  fhorter,  of  which  feveral  others  would 
be  formed,  by  their  combination  with  the  firft. 

As  for  the  different  lengths  of  the  pendulum 
in  different  climates,  it  feems  to  me,  that  fome 
remarks  might  be  made  upon  it  •,  for  M.  Picard 
had  obferved,  at  Uranibourg  and  at  Bayonne^ 
,  where  I  was  with  him,  that  the  length  of  the  fim- 
ple  pendulum  of  feconds,  was  exactly  the  fame 
as  at  Paris.  Great  attention  was  given  to  this 
obfervation  of  Bayonne ,  becaufe  it  was  known 
what  M.  Richer  had  related  at  Cayenne.  Ura¬ 
nibourg  and  Bayonne  are  diftant  from  each  other 
in  latitude  more  than  12°;  and  between  Ba¬ 
yonne  and  Cayenne ,  the  difference  of  latitude  is 

38", 
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38°,  for  Cayenne  is  almoft  at  50  of  N.  lat. 
which  gives  only  a  difference  almoft  triple  of  the 
firfb,  for  which  we  find  %  of  a  line  of  dimi¬ 
nution  of  the  length  of  the  pendulum.  We 
muft  therefore  conclude,  that  this  difference  of 
length  does  not  become  very  fenfible,  till  we 
approach  the  line. 

But  feveral  years  afterwards  M.  Varin ,  des 
Hayes ,  and  de  Glos ,  having  been  fent  towards 
the  line,  to  make  fome  aftronomical  obferva- 
tions  there,  found  that  in  the  ifiand  Goree ,  which 
is  in  140  N.  lat.  the  length  of  the  fimple  pen¬ 
dulum  at  feconds,  ought  to  be  2  lines  fhorter  than 
in  France.  The  oblervations  made  at  Cayenne 
and  Goree ,  leave  no  room  to  doubt  of  their  be¬ 
ing  made  with  great  certainty  and  exadtnefs  in 
all  the  circum fiances.  However,  if  we  would 
have  concluded  this  difference  of  the  length  of 
the  pendulum  for  Goree  by  that  of  Cayenne ,  we 
ftiould  have  faid  that  of  Goree  ought  to  be 
only  about  \  of  a  line  fhorter  than  at  Paris , 
whereas  by  the  obfervation  it  is  2  entire  lines. 
On  the  contrary,  if  we  had  concluded  that  of 
Cayenne  from  that  of  Goree ,  we  fhould  have  faid 
about  3  lines,  and  it  is  found  to  be  but  *  of  a 
line. 

Thefe  great  differences  cannot  by  any  means 
agree  with  the  bypotbefes ,  which  M.  Mariotte 
has  formed  in  his  Traite  du  mouvement  des  eaux , 
and  M.  Huygens ,  in  Wistreatije  of  light ,  and  we 
muft  feek  for  others  to  explain,  why  the  length 
of  the  pendulum  is  the  fame  in  the  latitudes  of 
55°  45  and  4 3  f  ;  why  it  is  2  lines  fhorter  in 
1 40  f  ;  and  why  at  50  it  is  only  £  of  a  line 
fhorter.  But  might  we  not  fufpedt,  that  this 
different  length  of  the  pendulum  is  not  real,  but 
only  apparent,  and  that  it  comes  only  from  the 

mea- 
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meafure  that  we  have  made  ufe  of.  For  it  is 
very  true,  that  metals,  and  all  bodies  in  general, 
are  extended  confiderably  by  heat,  and  contracted 
by  cold.  M.  Picard  fays,  that  in  the  length  of 
a  foot,  he  has  obferved  a  prolongation  of  \  of 
a  line  *,  and  confequently  it  fhould  be  £  of  a 
line  in  the  length  of  the  pendulum,  whereas  I 
have  found  it  but  j  of  a  line.  This  difference 
might  come  from  the  different  ways,  in  which 
the  obfervations  were  made  ;  for  M.  Picard  hav¬ 
ing  expofed  bodies  to  the  froft,  put  them  after¬ 
wards  near  the  fire,  and  for  my  part,  I  only  ex¬ 
pofed  them  to  the  fun  the  fummer  following. 
We  might  therefore  fay,  that  towards  the  line 
and  between  the  tropics,  where  the  heats  are  very 
great,  metals  extend  and  lengthen  very  confide¬ 
rably,  beyond  what  they  do  in  thefe  countries  ; 
and  perhaps  alfo  by  a  particular  caufe  of  the  va¬ 
pours  and  exhalations,  which  penetrate  them,  as 
we  know  they  are  very  penetrating  in  thofe 
countries  *,  and  laftly,  more  at  one  time  than 
another,  and  more  in  one  place  than  another. 
Wherefore  thefe  caufes  of  extenfion,  which  are 
not  confiderable  in  thefe  countries,  may  be  very 
different  at  Goree  and  Cayenne ,  and  at  different 
times  *,  for  we  are  perfuaded,  that  towards  the 
tropics,  the  heats  are  much  ftronger  than  towards 
the  line.  And  if  the  iron  rod  of  3  feet,  mea- 
fured  at  Paris ,  at  the  time  of  M.  Richer' s  de¬ 
parture,  was  prolonged  \  of  a  line  at  Cayenne , 
he  muff  have  found  the  length  of  the  fimple 
pendulum  at  feconds,  meafured  with  this  rod, 
fhorter  than  at  Paris  by  J  of  a  line,  tho’  in  rea¬ 
lity  it  was  the  fame  in  both  places.  In  like  man¬ 
ner,  if  at  Gcrce  the  meafure  was  prolonged  2 
lines  more  than  it  was  at  Paris ,  the  length  of  the 
fingle  pendulum  at  feconds,  would  have  appeared 
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fhorter  than  at  Paris ,  by  2  lines.  This  feemed  to 
me  the  moft  probable  about  this  phenomenon. 
If  it  was  fo,  the  univerfal  meafure  of  the  pendu¬ 
lum  would  remain  always  the  fame,  over  all  the 
earth,  and  the  particular  meafures  fhould  be  re¬ 
gulated  by  this  meafure,  taking  the  length  of 
the  fimple  pendulum  for  3  feet,  or  \  a  toife. 

An  examination  of  the  demonftration ,  which  MejJ, 
Mariotte  and  Huygens  give  of  the  different 
lengths  of  the  fmple  pendulum  of  feconds ,  in 
different  parts  of  the  earth . 

We  have  here,  according  to  M.  Mariotte , 
only  to  demonflrate,  whether  bodies  fall  more 
flowly  under  the  equinodtial  than  any  where 
elfe  ;  and  whether  they  fall  fafter  as  they  ap¬ 
proach  nearer  to  the  poles.  This  is  what  he 
propofes  to  do  in  his  Praite  de  mouvement  des 
eaux ,  p.  245.  fuppofmg  the  motion  of  the  earth 
about  its  axis. 

He  fays,  the  motion  of  the  earth  gives  the 
air  an  impreffion,  which  makes  it  endeavour  to 
fly  from  its  axis ,  with  a  velocity  proportionable 
to  that  of  its  motion  ;  and  that  this  motion  being 
greater  towards  the  equinoctial  than  towards  the 
poles,  the  effort  which  it  makes  towards  the 
equinodtial,  is  greater  than  that  which  it  makes 
towards  the  poles  ;  and  it  is  from  this  different 
effort,  that  he  concludes  that  the  bodies,  which 
are  in  the  air,  are  repelled  and  driven  from  the 
earth  with  more  force  near  the  equinodtial,  to 
hinder  them  from  falling,  than  when  they  are 
near  the  poles. 

This  reafoning  of  M.  Mariotte ,  is  founded 
only  upon  the  fuppofition  that  the  air,  which 
furrounds  the  earth,  is  repelled  from  it  by  its  mo¬ 
tion  about  its  axis  \  having  perhaps  been  per- 
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fuaded  of  this  effedt  by  a  common  experimenf, 
that  if  we  move  an  irregular  body  in  the  air, 
the  air  being  (truck  by  its  inequalities,  endea¬ 
vours  to  fly  from  the  body  in  lines  perpendicular 
to  the  motion  of  the  body ;  but  it  feems  to  me, 
that  the  fame  thing  cannot  happen  to  the  globe  of 
the  earth,  luppofing  its  daily  motion  about  its 
own  axis. 

For  in  the  firfb  place  there  is  too  little  earth, 
and  the  inequalities  of  it  are  too  fmall,  in  pro¬ 
portion  to  the  fmooth  furfaces  of  the  waters,  to 
part  the  air  fcnfibly  from  the  earth,  and  confe- 
quently  the  foie  motion  of  the  furface  of  the 
earth  would  make  all  the  bodies  of  this  fur- 
face  fliock  the  air  with  as  great  a  veloci¬ 
ty,  as  that  of  thefe  bodies,  which  we  might 
take  for  a  very  violent  wind  from  E.  to  W. 
which  however  would  have  no  determination  to 
fly  from  the  furface  of  the  earth,  and  the  parti¬ 
cular  caufes  of  the  winds  could  not  have  force 
enough  to  refill:  it.  If  we  perceived  between 
the  tropics  any  motion  from  E.  to  W.  there 
are  very  often  great  calms  alfo  ;  and  we  might 
give  other  phyfical  reafons  for  this  motion,  be- 
fides  that  of  the  earth  •,  and  moreover,  what  pro¬ 
portion  is  there  between  the  velocity  of  this  wind, 
and  that  of  the  furface  of  the  earth,  which  tra¬ 
vel  9000  leagues  in  a  day. 

It  mull:  therefore  be  allowed,  that  the  atmo- 
fpherc,  which  encompafles  the  earth  on  all  fides, 
makes  as  it  were  but  one  body  with  it  •,  and  in 
the  fuppofnion  of  the  motion  of  the  earth  about  its 
axis ,  the  atmofphere  is  carried  along  as  its  fur¬ 
face.  Whence  it  follows,  that  a  ilone,  which 
fhould  fill  in  this  atmofphere,  would  not  re¬ 
ceive  any  imprellion  from  the  motion  of  the 
earth,  as  it  would  happen  to  a  ball  of  lead  let 
3  fall 
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fall  in  a  vefiel  full  of  water,  whilft  the  vefiel 
fhould  be  carried  along  by  a  very  quick  horizon¬ 
tal  motion  ;  for  there  is  no  doubt  but  this  ball 
would  fall  to  the  bottom  of  the  vefiel  in  the  fame 
place  where  it  would  fall,  if  the  vefiel  was  at 
reft,  fince  the  water  contained  in  the  vefiel  is  at 
reft  there,  with  refpedt  to  the  mafs  of  water,  and 
the  fides  of  the  vefiel  whilft  it  is  in  motion. 

And  if  it  was  pofilble  for  the  air  to  be  thrown 
off  from  the  furface  of  the  earth,  by  the  mo¬ 
tion  of  the  earth,  as  M.  Mariotte  fuppofes,  whe¬ 
ther  by  a  tangent,  which  would  fly  off  from  E. 
to  W.  or  by  a  radius  of  the  centre  towards  the 
circumference,  the  weight  of  the  pendulum,  which 
defcends  and  rifes  again  in  the  fame  vibration, which 
goes  on  one  fide  in  one  vibration,  and  on  the  o- 
ther  in  the  other,  will  always  be  as  much  accele¬ 
rated  in  afcending,  as  retarded  in  defcending,  and 
as  much  accelerated  on  one  fide,  as  retarded  on 
the  other  *,  whence  it  follows,  that  no  alteration 
can  happen  from  this  caufe  in  the  duration  of  the 
vibrations  of  the  pendulum. 

But  in  fhort,  if  we  fhould  allow  M .Mariotte  all 
that  he  pretends  to  conclude  from  his  hypothejis , 
it  would  always  follow,  that  for  the  neareft  de¬ 
grees  to  the  poles,  the  augmentation  of  velocity  of 
the  motion  of  the  pendulum  would  be  much  greater 
than  for  the  degrees  towards  the  equator  *,  fince  this 
augmentation  would  be  in  the  proportion  of  the  di¬ 
minution  of  the  motion  of  the  matter,  which  would 
be  that  of  the  fines  of  the  complement  [of  the  de¬ 
grees  of  latitude,  which  diminilh  much  falter  as  we 
approach  the  poles,  than  towards  the  equator,  which 
is  contrary  to  the  obfervation  made  at  Uranibourg , 
and  at  Bayonne ,  and  alfo  contrary  to  the  irregulari¬ 
ty,  which  is  found  between  Cayenne  and  Goree . 

As  for  M.  Huygens ,  who  did  not  print  his 
treatife  of  light ,  till  feveral  years  after  M.  Ma* 
Vol,  II.  N°.  15.  riotte’s 
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riotte’s  Mouvement  des  eaux  was  publifhed,  he 
fays,  we  cannot  queftion  its  being  a  fegn  that  bo¬ 
dies  defeend  more  Jlowly  near  the  equinoctial  than 
in  France.  This  is  alio  what  M.  Mariotte  had 
fuppofed,  and  for  his  demonftration  he  adds,  that 
he  found  as  foon  as  ever  this  new  phenomenon 
was  communicated  to  him ,  that  the  caufe  of  it  might 
be  referred  to  the  motion  of  the  earth ,  which  being 
greater  in  each  country ,  according  as  it  approached 
nearer  to  the  equinoctial  line ,  mu  ft  produce  a 
greater  effect  in  throwing  off  bodies  from  the  centre , 
and  thereby  taking  from  them  a  certain  part  of 
their  gravity  :  It  is  eafy  to  fee,  by  his  own 
words,  which  I  have  juft  related,  that  he  makes 
ufe  of  the  fame  hypot hefts  with  M.  Mariotte , 
and  he  afterwards  determines  the  quantity  of  the 
diminution  of  this  effort  by  his  third  theorem  de 
vi  centrifuga.  Wherefore  all  the  reafons  which  I 
have  related  againft  the  explanation  of  this  phee- 
nomenonby  M.  Mariotte,  would aifo  ferve  as  well 
as  this,  which  concludes  only  the  lame  thing  from 
the  fame  principle.  Whence,  I  fay,  there  muft 
be  iome  other  caufe  of  this  effect,  which  does  not 
depend  on  the  motion  of  the  earth. 

As  for  what  regards  the  obfervation,  it  feems 
very  eafy  to  be  done,  iincc  we  may  count  the  vi¬ 
brations  of  the  fimple  pendulum  for  one  hour, 
where  it  always  continues  in  motion  after  it  has 
been  once  put  in  motion,  and  that  if  the  pendu¬ 
lum  was  to  be  two  lines  Ihorter,  that  which  fhould 
be  two  lines  longer  would  make  in  an  hour  about 
8  vibrations  lefs  than  the  other,  which  is  a  very 
great  differences  be  miltaken  in.  It  will  be  the 
fame  thing  in  the  other  lengths  in  proportion.  It 
muft  however  be  ob’erved,  that  if  a  thread  of 
the  pitta,  or  filk  graft,  be  made  ufe  of  to  fuftain 
the  weight,  let  this  thread  be  ever  fo  (lender,  it 
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is  always  flat,  and  it  happens,  that  the  laft  vibra¬ 
tions  ufually  become  turning,  from  being  ftrait  as 
they  were  at  firft,  as  I  have  tried,  becaufe  this 
thread  cleaving  the  air  obliquely  in  its  motion, 
turns  the  pendulum  one  way  in  going,  and  ano¬ 
ther  way  in  returning,  which  gives  it  by  degrees  a 
determination  to  turn.  I  have  alfo  obferved,  that 
thefe  laft  turning  vibrations,  which  ought  to  be 
fhorter  than  the  firft,  becaufe  they  are  of  lefts  ex¬ 
tent,  are  of  longer  duration  than  the  ftrait  ones, 
which  may  impofe  in  the  obfervation.  And  if 
M.  Picard  has  had  regard  to  thefe  turning  vibra¬ 
tions,  and  thefe  other  gentlemen,  who  have  ob¬ 
ferved  near  the  line,  have  given  no  attention  to  it, 
they  will  have  found  much  fewer  vibrations  in  an 
hour  in  the  Ample  pendulum,  which  turned  a 
little,  than  (here  ought  really  to  be,  if  the  vibra¬ 
tions  had  not  turned  ;  and  this  will  have  made 
them  judge,  that  the  pendulum  was  to  be  fhortened 
in  order  to  make  its  vibrations  in  lefs  time. 

I  fhall  now  give  an  example  of  what  I  faid  be¬ 
fore,  that  there  are  not  fuch  great  alterations  ob- 
ferved  in  the  motion  of  the  pendulum  of  the 
clock,  as  ought  to  happen  from  the  different  con- 
denfations  of  the  air. 

Obfervations  on  the  barometer,  and  on  the 
conftitution  of  the  air,  from  Nov.  22,  to  Nov. 
29,  1703,  in  the  morning. 

Inches.  Lines. 


Nov.  22  barometer  27 

23  - 27 

24  - 27 

25  - 27 

26  - 2  8 

27  - 27 

28  - 27 

- 27 


A 1 
4  6 

1 

3  2 
9  6 

1? 


29- 


Hr 

96 

7  6 

Q  2 


foggy  weather, 

rain. 

rain. 

fair. 

a  thick  fog 
a  thick  fog. 


a 


\f)CT 


fair. 
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I  have  found,  by  the  obfervations  on  the  fun’s 
paffage  thro’  the  meridian,  and  by  the  equation 
of  the  dock,  that  between  the  2  2d  and  25  th,  when 
the  barometer  was  very  low  and  at  a  mean  height, 
and  the  weather  partly  rainy  and  partly  fair,  that 
the  clock  had  gained  upon  the  mean  motion  of 
the  fun  9"  |  in  a  day  ;  and  that  between  the  2  5th 
and  26th,  when  the  barometer  was  very  high, 
which  flhewed  a  very  great  condenfation  of  the 
air,  with  a  very  thick  fog,  that  the  clock  had 
gained  but  6",  which  would  fhew  a  retardation 
of  the  motion  of  the  pendulum  of  3"  f  in  a  day. 
But  from  the  26th  to  the  29th,  when  the  baro¬ 
meter  was  always  pretty  high,  with  a  great  deal 
of  fog,  the  clock  had  gained  9"  in  a  day.  Whence 
it  is  eafy  to  fee,  that  for  a  very  great  difference  in 
the  conffitution  of  the  air,  when  its  weight  joined 
with  the  fog  ought  to  have  greatly  retarded  the 
motion  of  the  pendulum,  as  I  have  before  ob- 
ferved,  it  was  found  however  to  be  but  a  few 
feconds,  which  might  be  afcribed  to  other  par¬ 
ticular  caufes. 

IX.  A  *way  to  raife  a  great  vejj'el  upon  the 
hold ,  as  it  is  conjlrudled  in  the  port  of 
Toulon,  without  making  u/e  of  any  ma¬ 
chines ,  by  M.  de  la  Hire 

There  muff  be  on  each  fide  of  the  hold  a  trench, 
in  which  the  water  is  every  where  about  fix  feet 
deep,  and  large  enough  to  contain  fmall  veffels 
or  barks  according  to  their  breadth  •,  and  thefe 
veffels,  if  ever  fo  much  loaded,  muff  draw  no 
more  water  than  the  fix  feet  in  the  trench. 

*  Dec.  22.  1703. 
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The  great  vefiel,  which  we  would  raife  upon 
the  hold,  having  been  drawn  againft  the  hold, 
we  mult  place  on  each  fide  2,  4,  or  6  of  the 
little  veifels,  as  many  as  fhall  be  necefifary  for 
the  following  operation,  and  fill  them  with  as 
much  water  as  they  will  bear  without  finking. 

Then  place  great  mails  acrofs  the  breadth  of 
the  great  vefiel,  palling  beyond  both  Tides,  to  be 
fuftained  upon  trefiels  placed,  and  refted  upon 
the  deck  of  the  fmall  veflels  f.  The  mails 
mull  be  well  faftened  to  the  body  of  the  great 
vefiel,  either  with  chains  or  cables,  embracing  it 
underneath,  and  faftened  to  the  malls  or  other- 
wife. 

Which  being  done,  begin  to  empty  all  the  wa¬ 
ter  out  of  the  fmall  veifels,  which  will  proportion- 
ably  rife  towards  the  furface  of  the  water  ;  and 
raifing  the  malls  with  them,  will  raife  the  body  of 
the  great  vefiel  as  high  as  they  rife  themfelves. 

In  this  Hate,  the  great  vefiel  may  be  brought 
forwards  with  the  fmall  veifels,  without  any  diffi¬ 
culty,  till  it  comes  to  the  hold,  upon  which  it 
will  be  railed  according  to  the  elevation  of  the 
fmall  veifels,  and  relied  upon  the  hold  in  that  place, 
in  fuch  a  manner,  that  it  cannot  fall  or  flip  to¬ 
wards  the  foot  of  the  hold,  when  the  fmall  veifels 
fuftain  it  no  longer. 

Which  being  done,  fill  the  fmall  veifels  with 
water,  as  at  fir  ft,  and  place  other  trefiels  than  the 
fir  ft,  being  high  enough  to  touch  the  malls, 
which  crofs  the  great  vefiel. 

Now,  if  you  empty  the  water  out  of  the  fmall 
veifels,  they  will  rife,  and  alfo  raife  the  malls  as 
they  did  at  fir  ft  ;  and  conlequently  they  will  alfo 
raife  the  body  of  the  great  vefiel,  to  which  the 
mails  are  faftened,  in  fuch  a  manner,  that  the 

f  Plate  II.  Fig.  4. 


great 


1 1 8  The  History  Memoirs  of  the 

great  veflel  will  no  longer  touch  the  hold  at  the 
place  where  it  was,  and  it  (hall  be  drawn  again  ft 
the  hold,  as  it  was  at  firft  ;  but  it  will  be  much 
more  elevated.  It  will  be  kept  alfo  in  this  place 
by  means  of  the  great  cables  fattened  on  the  top 
of  the  hold. 

By  this  means,  repeating  the  operation  as  often 
as  Ihall  be  neceflary,  we  may  make  the  veflel 
rife  above  the  hold,  and  draw  it  entirely  out  of 
the  water,  provided  the  quantity  of  water,  with 
which  the  fmall  veflels  are  filled,  is  equal  at  leafl: 
in  bulk  to  that  which  the  great  veflel  occupies  at 
flrtt,  before  it  begins  to  rife  upon  the  hold.  And 
as  we  may  eafily  meafure  the  fpace  or  bulk,  which 
the  great  veflel  occupies  in  the  water,  we  (hall 
have  by  this  means  the  magnitude  and  number  of 
the  fmall  veflels,  to  be  uled  in  raifing  the  great 
veflel. 

When  I  faid  the  trenches  on  both  Tides  of 
the  hold  fhould  be  fix  feet  deep  in  water,  it 
was  only  to  eftablifh  a  mean  meafure  *,  for  if 
the  water  is  deeper,  we  may  ufe  larger  barks  to 
raife  the  veflel ;  and  if  it  was  not  pofTible  to 
make  them  of  this  depth,  they  mutt  be  broader, 
and  in  greater  number,  that  is,  as  many  as  the 
length  of  the  veflel  would  permit,  being  ranged 
on  one  fide,  according  to  their  length. 

It  mutt  be  obferved,  that,  when  the  veflel  has 
begun  to  rife  upon  the  hold,  the  fore-part  will  be 
more  elevated  than  the  back-part ;  wherefore  the 
fmall  veflels,  which  fhall  be  placed  on  the  fide 
towards  the  fore-part,  mutt  have  higher  treflels  to 
fupport  the  mails  in  that  place,  than  thofe  which 
are  towards  the  hinder  part,  that  the  whole  body 
of  the  veflel  may  rife  in  the  fame  inclination,  in 
which  it  was  placed  on  the  hold. 
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It  will  be  alfo  very  neceffary  to  put  a  cradle 
under  the  veflel,  to  keep  it  upon  the  hold,  with¬ 
out  leaning  to  one  fide  or  the  other,  and  to  de¬ 
fend  it  from  accidents,  which  may  happen  to  it 
from  its  own  weight. 

X.  A  description  of  the  heart  of  a  fea 
tortoife ,  by  M.  Mery 

The  vital  parts  of  this  tortoife  were  contained 
together  with  the  natural  parts  in  the  fame  cavity. 
The  lungs  occupied  the  upper  part  of  it  entirely. 
They  were  fattened  to  the  back,  from  the  neck 
quite  to  the  tail ;  the  heart  was  placed  in  the  fore¬ 
part,  and  the  natural  parts  behind.  There  was 
no  diaphragm  to  make  a  partition  between  them. 

The  heart  of  this  tortoife  was  however  inclo- 
fed  in  a  pericardium ,  to  the  bottom  of  which  it 
was  fattened  by  three  little  flefhy  ligaments.  This 
pericardium  was  full  of  a  liquor  as  clear  and 
tranfparent  as  the  pureft  water,  in  which  the 
heart  of  this  animal  was  bathed.  Its  figure  was 
conical,  it  was  2  inches  long,  and  6  lines  broad 
or  thereabouts.  On  the  infide  it  was  divided  into 
3  ventricles,  one  was  placed  to  the  right,  the 
other  to  the  left,  and  the  third  in  the  middle, 
under  the  right  ventricle. 

The  left  ventricle  was  feparated  from  the 
right  by  a  flefhy  partition,  which  had  towards 
the  bafts  of  the  heart  an  oval  aperture,  pretty 
like  that  which  is  found  in  the  partition  that  di¬ 
vides  the  auricles  of  the  heart  of  the  human  foetus. 
This  partition  was  alfo  pierced  by  a  great  num¬ 
ber  of  little  holes,  by  which,  as  well  as  by  the 

*  Extracted  from  the  regifen  of  the  royal  academy  of  fei- 
encesfor  March  12,  1704. 
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oval  aperture,  thefe  2  ventricles  communicate  to¬ 
gether. 

There  were  upon  this  oval  aperture  two  de- 
preflfed  valves*,  but  as  in  this  ftate  they  did  not 
fhut  entirely,  they  could  only  in  part  hinder  the 
blood  from  pairing  out  of  one  of  thefe  ventricles 
into  the  other  by  this  hole. 

The  right  ventricle  communicated  alfo  with 
the  middle  one  by  another  aperture.  This  was 
5  or  6  lines  long  to  3  or  4  broad,  in  the  mid¬ 
dle  of  its  length.  In  this  paflage  from  one  to 
the  other,  there  was  no  valve  *,  and  as  this  fe- 
cond  hole  of  communication  was  in  a  manner  as 
long  as  the  ventricle  of  the  middle  one  was  deep, 
we  can  confider  this  only  as  a  continuation  of  the 
right  ventricle,  from  which  it  was  diftinguifhed 
only  by  a  little  contraction.  The  fibres,  o!  which 
thefe  3  ventricles  were  com  poled  on  the  in  fide, 
not  being  clofely  locked  againft  each  other,  formed 
a  fort  of  flefhy  fponge  in  their  capacity.  The 
left  ventricle  was  equal  to  that  of  the  middle 
one  ;  but  the  right  ventricle  feemed  alone  as  big 
as  the  other  two  taken  together. 

Three  trunks  of  arteries  proceeded  from  the 
bafts  of  the  heart  of  this  tortoife.  Two  of  thefe 
arteries  had  their  outlets  into  the  right  ventricle, 
and  the  third  into  the  middle  ventricle.  Thefe 
3  veficls  had  each  of  them  no  more  than  2  fig- 
moidal  valves  at  their  apertures. 

The  2  trunks  of  arteries,  which  parted  from 
the  right  ventricle,  had  their  diameters  almofi 
equal  •,  they  were  both  compofed  of  2  plans  of 
flefhy  fibres,  very  visible,  and  lying  one  upon 
another.  The  fibres  of  the  outer  plan  were  dil'po- 
fed  according  to  the  length  of  thefe  2  arteries, 
thofe  ol  the  inner  plan  feemed  to  be  circular. 

,  1  Thefe 
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Thefe  2  plans  of  fibres  were  not  fenfible  in  the 
third  trunk  of  an  artery,  which  derived  its  ori¬ 
gin  from  the  middle  ventricle ;  but  the  capacity 
of  this  alone  was  almoft  as  great  as  that  of  the 
two  others  taken  together,  and  its  membranes  alfo 
were  lefs  thick. 

Of  the  2  trunks  of  arteries,  which  proceeded 
from  the  right  ventricle  placed  one  by  the  fide 
of  another,  the  right  advancing  forwards  divi¬ 
ded  immediately  into  2  great  branches.  The 
firft  going  in  a  right  line  towards  the  neck  di¬ 
vided  into  2  others,  and  each  of  thefe  into  2 
branches,  2  of  which  were  extended  into  the  an¬ 
terior  fins  *,  thefe  made  the  axillaries  •,  the  2  others 
placed  between  the  firft  went  to  the  head,  and 
formed  the  carotids. 

The  fecond  branch,  bending  on  the  right- fide, 
pa  fled  under  the  right  branch  of  the  trachea ,  after 
which  it  Aid  between  the  lungs,  to  gain  the  hinder 
part  of  the  body.  Taking  this  courfe,  it  gave 
branches  to  the  kidnies,  the  bladder,  the  parts  of 
generation,  and  the  pofterior  fins.  By  this  di- 
ftribution  of  the  arteries,  it  was  very  eafy  for 
me  to  judge,  that  this  firft  trunk  was  that  of 
the  aorta ,  tho*  it  parted  from  the  right  ven¬ 
tricle.  Its  capacity  was  a  little  bigger  than  that 
of  the  artery,  which  I  am  going  to  defcribe. 

The  left  trunk  formed  on  its  own  fide  the 
fame  bending  which  was  made  on  the  right  by 
the  pofterior  branch  of  the  aorta ,  and  followed 
the  fame  courfe.  This  trunk  did  not  fend  any 
branch  into  the  anterior  parts  of  the  body  of  this 
tortoife.  It  divided  only  beyond  the  liver  into  3 
branches,  of  which  the  firft  fupplied  the  place 
Of  the  coeliac,  the  fecond  of  the  mefenteric,  and 
the  third  pafting  f  om  left  to  right,  reunited  with 
the  pofterior  branch  of  the  aorta ,  as  the  arterial 
Vol.  II.  N°.  16.  R  canal 
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canal  of  communication  docs  in  the  human  foetus. 
And  it  is  for  this  reafon,  that  I  have  called  this 
fecond  artery  the  canal  of  communication,  to 
diftinguifh  it  from  the  trunk  of  the  aorta. 

The  third  trunk,  which  drew  its  origin  from 
the  middle  ventricle,  made  the  body  of  the  pul¬ 
monary  artery.  This  trunk  divided  into  2  con- 
fiderable  branches,  which  formed  to  right  and 
left  bendings  like  thofe  of  the  pofterior  branch 
of  the  aorta ,  and  of  the  canal  of  communica¬ 
tion.  Both  of  them  pafTed  under  the  branches 
of  the  afpera  arteria ,  to  go  one  to  the  right, 
and  the  other  to  the  left  lobe  of  the  lungs.  The 
circuit  of  this  third  trunk  was  almoft  equal  to 
that  of  the  aorta ,  and  of  the  canal  of  communi¬ 
cation  taken  together.  Thefe  3  arteries  were 
joined  together  by  their  exterior  membranes, 
from  the  heart,  to  their  divifion  into  branches. 

All  thefe  roots  of  the  veins  of  each  lobe  of 
the  lungs  uniting  together,  formed  at  their  coming 
out  of  the  lungs  a  vein  on  each  fide,  the  capacity 
of  which  was  half  as  big  as  that  of  the  2  pul¬ 
monary  arteries,  which  deferves  attention.  Thefe 
2  veins  went  to  the  left  auricle,  at  the  outlet  of 
which  they  joined  together  by  their  extremity, 
without  forming  after  their  union  a  canal,  which 
had  alone  the  capacity  of  thefe  2  veins  taken  to¬ 
gether  *,  thus  they  did  not  form  any  trunk,  each 
of  them  poured  the  blood  which  it  brought,-  im¬ 
mediately  into  the  capacity  of  this  auricle. 

The  veins,  which  brought  back  to  the  heart  the 
blood  of  all  the  other  parts  of  the  body,  did  the 
fame  •,  fo  that  there  was  no  fmgle  trunk,  to  which 
alone  we  can  truly  give  the  name  of  vena  cava. 
For  tho’  in  appearance  they  all  formed  by  their 
union  a  crooked  canal,  joined  to  the  auricles  by 
its  convex  parr,  to  the  liver  by  its  concave  part, 
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the  middle  of  which  anfwered  to  the  aperture  of 
the  right  auricle ;  yet  this  canal,  in  this  place, 
feemed  a  little  narrower  than  in  its  lateral  parts. 
Thefe  2  parts  therefore  made  2  diftintft  trunks, 
feeing  in  the  place  of  their  union  they  did  not 
form  a  du6f,  which  had  alone  the  capacity  of 
both  joined  together.  The  blood  of  both  of 
them  flowed  immediately  into  the  right  auri¬ 
cle.  The  axillary  veins,  which  opened  into  thefe 
2  trunks,  were  filled  with  flefhy  fibres,  which 
formed,  by  their  interlacing,  a  fort  of  tuft,  of 
a  wonderful  ftrudture,  of  which  there  were  fome 
rudiments  in  the  conflux  of  the  2  vena  cav a. 

The  right  auricle  had  at  its  outlet  2  valves, 
which  formed  together  an  oval  aperture  7  or  8 
lines  long,  and  3  or  4  broad  in  the  middle.  This 
aperture  made  the  communication  of  the  veins 
juft  mentioned  with  this  auricle. 

Thefe  2  valves  are  fo  much  more  worthy  of 
obfervation,  as  there  was  none  at  the  inofculatioii 
of  the  left  auricle  with  the  pulmonary  veins. 

Of  the  2  auricles  of  the  heart  the  right  was 
the  biggeft,  its  capacity  feemed  double  of  that  of 
the  left  auricle,  which  is  obfervable,  as  well  as 
the  difference  between  the  capacity  of  the  pulmo¬ 
nary  veins  and  arteries,  to  determine  pretty  nearly 
the  quantity  of  blood  which  paffes  thro’  thefe  vet 
fels,  and  its  different  velocity. 

Thefe  2  auricles  were  filled  with  flefhy  fibres, 
which  being  connected  together  different  ways, 
formed  a  fort  of  little  net,  and  alfo  little  cells, 
which  were  pretty  deep.  Thefe  auricles  were 
joined  together  on  the  out  fide  *,  but  on  the  infide 
they  were  feparated  by  a  partition,  which  was  but 
\  a  line  in  thicknefs.  This  partition  was  partly 
flefhy,  and  partly  membranous. 

R  2  Its 
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Its  membranous  part,  made  in  form  of  a  half 
moon,  falling  perpendicularly  upon  the  bafis  of  the 
heart,  united  with  it,  and  divided  it  into  two  ;  fo 
that  it  divided  the  outlet  of  the  right  ventricle 
from  that  of  the  left. 

At  the  membranous  part  of  this  partition,  two 
femilunar  valves  were  fattened  and  fufpended. 
Thefe  valves  being  deprefled,  one  into  the  right 
ventricle,  and  the  other  into  the  left,  partly  elofed 
the  foramen  ovale ,  which  made  the  communica¬ 
tion  of  thefe  two  ventricles.  In  this  ftate,  thefe 
valves  formed  one  cavity  between  them :  being 
elevated  they  deferibed  a  plane  parallel  to  the  ba/is 
of  the  heart,  but  in  this  fituation  they  could  flop 
no  more  than  half  the  openings  of  the  auricles 
into  the  ventricles,  becaule  of  their  being  made  in 
form  of  a  half  moon. 

Of  thefe  two  valves,  that  which  pofiefled  the 
entrance  of  the  right  ventricle  had  no  compa¬ 
nion,  but  that  which  was  placed  at  the  outlet  of 
the  left  ventricle,  was  accompanied  by  two  others 
much  fmaller  than  itfelf ;  thefe  had  not  the  liberty 
of  rifing,  which  the  other  had,  becaufe  they  were 
fattened  to  flefhy  columns,  which  bound  them 
within  to  the  fide  of  the  left  ventricle. 

XI.  A  defeription  of  the  heart  of  a  great  A- 

merican  land  tortoife ,  with  reflections  upon 

that  of  M.  du  Vtrney  *,  by  the  fame . 

The  figure  A-f,  which  reprefents  the  heart  of 
the  American  land- tortoife,  reverfed  in  the  fore 
part,  with  the  auricles  and  veins  in  their  natural 
fituation,  refembles  a  kidney  a  little  flatted  at  the 
fop  and  bottom ;  fo  that  it  is  much  more  broad  than 

t  fee  pag.  137  of  this  abridgment.  f  Plate  III.  Fig.  1 
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long.  Its  bafis  j  is  a  little  concave,  and  is  natu¬ 
rally  turned  towards  the  head  of  this  animal. 

The  vital  and  the  natural  parts  are  inclofed  in 
the  fame  cavity,  becaufe  there  is  no  diaphragm  to 
part  them.  M.  du  Verney  fee  ms  to  me  therefore 
to  be  miftaken,  when  he  fays,  that  as  the  tortoile 
walks  on  its  4  feet,  the  heart  is  Jituated  in  the 
upper  part  of  the  thorax  above  the  liver .  It  is 
naturally  placed  in  the  fore  part  of  this  cavity, 
which  contains  all  thefe  parts  together ;  which  does 
not  hinder  the  heart  from  being  alone,  and  parti¬ 
cularly  inclofed  in  a  pericardium . 

I  have  obferved  7  veins  near  the  heart  (J ;  the 
two  cava  BB,  the  two  axillaries  CC,  the  coro¬ 
nary  D,  and  two  other  veins  EE,  which  I. call 
hepatic,  becaufe  they  derive  their  origin  only 
from  the  liver.  The  four  firft  are  very  confide- 
rable  ;  the  other  three  are  much  lefs  fo. 

The  two  vena  cava  proceed  from  the  hinder 
parts  of  the  tortoife,  from  which  they  bring  back 
the  blood  to  the  heart.  Palling  by  the  liver,  one 
to  the  right  and  the  other  to  the  left,  they  re¬ 
ceive  a  great  number  of  roots  of  veins  from  that 
bowel. 

Thefe  two  velfels  do  not  form  any  particular 
trunk  in  the  place  of  their  concourfe.  There,  on 
the  contrary,  they  feemed  to  have  a  little  lefs  ca¬ 
pacity  than  before  their  union,  tho*  the  coronary 
vein  and  left  hepatic  come  hither.  The  right 
axillary  and  hepatic  open  into  the  right  vena 
cava  an  inch  from  the  right  auricle  :  but  the  left 
axillary  joins  itfelf  only  on  the  fide  of  the  left 
vena  cava ,  very  near  the  entrance  of  this  auricle. 
They  are  the  two  axillaries,  that  the  jugulars  are 
joined  to,  whkh  bring  back  to  the  heart  the  blood 
of  all  the  anterior  parts ;  all  thefe  veins  appear 
t  Fig.  2.  H  Fig.  \ . 


126  The  History  and  Memo  irs  of  the 

to  be  merely  membranous,  their  inner  furface  is 
as  fmooth  as  the  outer.  From  the  known  ftruc- 
ture  of  thefe  veins,  I  draw  two  confequences  a- 
gainft  M.  du  Verney's  defcription. 

The  firft  is,  that  he  has  not  been  able  to  fee 
about  the  heart  cf  thefe  animals ,  a  fort  of  refer  - 
voir  of  an  oblong  figure ,  and  pretty  like  that  of  a 
blown  bladder ,  formed  by  the  concourfe  of  fever al 
veins.  The  fecond  confequence  is,  that  it  is  falfe, 
that  this  pretended  refervoir  is  lined  on  the  infide 
withflejhy  fibres ,  which  crofs  one  another ,  and  in¬ 
terlace  almoft  like  thofe  within  the  auricles  of  the 
human  heart.  Nor  is  it  true,  that  the  vena  cava 
is  lined  in  like  manner  thro *  about  an  inch  cf  its 
length ,  and  the  outlets  of  the  other  vejfels. 

Fig.  i.  which  reprefents  the  feven  veins  juft  de¬ 
fer!  bed,  is  a  decifive  proof,  i.  That  the  great 
relervoir,  which  M.  du  Verney  fays  is  formed  of 
the  aftemblage  of  thefe  veins,  does  not  exift  in  the 
land  tortoile  of  America.  2.  That  the  texture  of 
flefhy  fibres  *  exifling  only  in  the  axillary  veins 
of  the  fea  tortoife,  it  is  evident,  that  the  obfer- 
tion  made  by  this  fkilful  anatomift,  is  certainly 
taken  from  the  obfervations  which  I  made  on 
thefe  veins  in  1685. 

The  two  pulmonary  veins  f  FF  do'  not  form 
any  more  than  the  two  cava:,  a  particular  trunk 
by  joining  together:  on  the  contrary,  the  place 
of  their  union  feems  more  contracted  than  any 
other  part.  It  is  therefore  falfe,  1.  That  they  go 
to  form  a  fecond  refervoir ,  much  fmaller  than  the 
firft ,  as  M.  du  Verney  fhews  in  his  figures.  And 
becaufe  the  inner  furface  of  thefe  two  veins  is  no 
lefs  fmooth  than  that  of  the  vena  cavje,  it  is  alfo 
falfe,  2.  That  the  bafon  of  his  little  refervoir  is 
elfofurnifhed  on  the  infide  with  flefl.y  fibres.  The 

*  F»g  9*  t  Fig-  8* 
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two  refervoirs,  which  this  fkilful  anatomift  repre- 
fents  to  us  in  8  figures,  and  the  texture  of  flefhy 
fibres,  which  he  afcribes  to  them,  are  therefore 
at  laft  quite  imaginary. 

The  two  auricles  GG  reprefent  on  their  outfide 
only  one  blind  fack,  lying  tranfverfiy  on  the  bafis 
of  the  heart ;  but  this  fack  is  divided  on  the  ill- 
fide  by  a  partition  I  J,  into  two  cavities  of  diffe¬ 
rent  bignefs.  This  partition  is  flefhy  both  in  its 
upper  and  lower  part. 

The  capacity  of  the  left  auricle  *  HH  is  fmal- 
ler  by  half  than  that  of  the  right  auricle  KK  f . 
In  both  of  them  there  are  a  great  number  of  flefhy 
fibres. 

In  the  angle  formed  by  the  left  auricle  with 
the  partition  I,  which  feparates  it  from  the  right, 
there  is  an  aperture  L  *,  by  which  the  pulmonary 
veins  difcharge  their  blood  into  the  capacity  of 
the  left  auricle.  This  aperture  being  narrower 
within  than  without,  is  one  of  the  caufes  that 
hinder  the  blood  of  thefe  two  veins  from  return¬ 
ing  whence  it  came. 

But  becaufe  the  outlet  of  the  two  vena  cava  is 
not  alfo  placed  in  the  angle  formed  by  the  fame 
partition  with  the  right  auricle,  which  this  angle 
might  contract;  nature  has  given  this  auricle  two 
valves  MMf,  which  leaving  only  a  fmall  flit 
between  them  produce  the  fame  cffeft,  that  is, 
they  oppofe  the  return  of  the  blood  from  the 
right  auricle  into  the  vena  cava. 

M.  du  Verney  places  thefe  two  valves  at  the  out¬ 
let  of  his  great  refervoir  ;  but  fince  it  does  not 
exift,  it  is  vifible,  that  they  belong  to  the  right 
auricle,  of  which  they  occupy  the  entrance. 

J  Fig.  3  and  3.  *  Fig.  3.  f  Fig.  5. 
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I  have  obferved  in  the  American  land  tortoife,; 
which  I  differed,  4  ventricles,  which  communi¬ 
cate  with  each  other  by  3  ftraits,  which  make  the 
feparation  of  them.  To  make  a  juft  defcription 
of  both  of  them,  I  {ball  regulate  myfelf  accord¬ 
ing  to  the  courfe  of  the  blood,  which  traverfcs 
them. 

The  firft  ventricle  P  *,  which  I  call  the  left 
ventricle,  both  on  account  of  its  fituation,  and 
becaufe  it  receives  the  blood  from  the  left  auricle, 
communicates  with  the  fecond  q  -f,  by  the  firft 
ftraic  R,  which  I  call  the  foramen  ovale  ;  becaufe 
it  pretty  much  refembles  that  of  the  human  fcctus 
placed  in  the  partition,  which  feparates  the  auri¬ 
cles  of  the  heart  one  from  the  other,  and  becaufe 
it  has  the  fame  ufe. 

The  outlet  of  the  left  ventricle  is  furniflied  with 
3  figmoidal  valves  NNN.  That  of  the  right 
ventricle  has  but  one  O.  Thefe  valves  perform 
the  office  of  the  triglochine  valves  of  the  human 
heart.  M.  du  Verney  however  tells  us,  there  is 
but  one  valve  at  the  entrance  of  the  left  ventricle  j 
he  is  therefore  miftaken  in  both. 

The  fecond  ventricle  Q,  which  I  call  the 
right  ventricle,  becaufe  it  is  fituated  on  the  right 
fide,  and  receives  the  blood  of  the  right  auricle,- 
communicates  with  the  third  S  (),  by  the  fecond 
ftrait  T.  Above  this  paftage,  in  the  right  ven¬ 
tricle,  there  is  a  flefhy  valve  V,  made  in 
form  of  a  half  moon.  This  valve  can  ffiut  but 
a  fmall  part  of  this  ftrait ;  it  has  been  hitherto 
unknown  to  M.  du  Verney.  The  valve  O,  de- 
prefted  in  the  foramen  ovale ,  which  in  this  ftate 
permits  the  blood  of  the  right  auricle  to  enter  into 
the  right  ventricle,  has  not  efcaped  his  exadt- 

*  Fig.  3.  ‘  .  t  Fig.  s.  H  Fig.  6. 
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llefs  ;  but  however,  3  out  of  thefe  5  valves  have 
not  come  to  the  knowledge  of  this  attentive 
anatomift. 

The  third  ventricle  S  %  communicates  with  the 
fourth  X  **,  by  the  third  ftrait  Y. 

Thefe  4  ventricles  communicating  together, 
and  the  left  and  right  having  no  arteries  to  bring 
back  the  blood  which  they  receive  from  the  au¬ 
ricles,  it  is  eafy  to  fee,  that  the  blood  of  the  pul¬ 
monary  veins,  muft  necefiarily  pafs  from  the  left 
ventricle  into  the  right,  and  mixing  with  the 
blood  of  the  vena  cava ,  muft  enter  together 
into  the  third  and  fourth,  to  take  the  courfe  of 
the  arteries  which  part  from  thefe  2  ventricles. 

According  to  M.  du  Verney ,  there  are  but  3 
cavities  in  the  heart  of  the  land  tortoife  of  Ame¬ 
rica  ;  but  if  we  examine  the  heart  of  this  animal 
itfelf,  we  fhall  find  4,  without  reckoning  the 
auricles.  This  excellent  anatomift  is  no  lefs 
miftaken  in  the  number  of  the  ventricles,  than  in 
that  of  the  valves,  with  regard  to  which,  I  fhali 
make  the  following  reflection,  before  I  proceed 
to  the  arteries. 

Of  the  3  valves  NNN  which  are  placed 
at  the  entrance  of  the  left  ventricle  i5,  the  middle 
one,  and  the  valve  O  *||,  fltuated  at  the  entrance 
of  the  right  ventricle  Qj  can  but  partly  clofe 
the  foramen  ovale  R,  by  finking  on  each  fide, 
and  by  rifing,  partly  flop  the  paffages  of  the 
auricles  into  thefe  two  ventricles  in  the  land  as 

well  as  in  the  fea  tortoife. 

M.  du  Verney  pretends,  however,  that  when 
thefe  2  valves  are  raifed,  they  entirely  clofe  the 
inofculations  of  the  auricles  with  the  ventricles, 

*  Fig.  6.  **  Fig.  7.  *+  FiS-  3- 
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and  that  when  they  fall,  they  do  not  at  all  oppofe 
the  paflfage  of  the  blood  from  the  left  ventricle, 
thro’  the  foramen  ovale  into  the  right  ventricle, 
but  neither  of  thefe  obfervations  agree  with  ex¬ 
perience.  Thefe  2  valves  are  fattened  to  the 
membranous  part  of  the  partition  ol  the  auri¬ 
cles,  which  falling  upon  the  hafts  ot  the  heart, 
feparates  the  outlet  of  the  left  ventricle  from 
that  of  the  right. 

From  the  bafis  of  the  heart  A  *,  proceed  3 
trunks  of  arteries ;  the  aorta  1 ,  the  canal  of  com¬ 
munication  2,  and  the  pulmonary  artery  3.  The 
aorta  and  canal  of  communication  derive  their 
origin  from  the  third  ventricle  S  -j*.  The  pulmo¬ 
nary  artery  3  is  derived  from  the  fourth  ventricle 
X||.  Thefe  3  arteries  have  each  of  them  but  2 
figmoidal  valves  at  their  outlets. 

M.  du  Verney  and  I  agree,  that  three  confidera- 
hle  arteries  proceed  from  the  hafts  of  the  heart . 
But  as  to  the  origin  of  thefe  3  arteries,  his  obfer¬ 
vations  are  very  different  from  mine,  for  he  fays, 
two  of  thefe  arteries  open  into  the  firft  cavity 
of  the  heart ,  which  by  his  own  obfervations, 
makes  the  right  ventricle,  as  it  receives  the  hlood 
from  the  right  auricle.  Now  I  find,  that  there 
goes  no  artery  from  this  cavity,  and  that  the 
2  arteries,  which  according  to  him  compofe  the 
aorta ,  one  of  which,  according  to  me,  makes 
the  canal  of  communication,  tar  from  opening 
into  the  firft  cavity  of  the  heart ,  as  he  pretends, 
proceed  from  the  third  ventricle  j  and  that  the 
third  artery ,  which  is  that  of  the  lungs ,  pro¬ 
ceeds  immediately  from  the  fourth  ventricle,  and: 
not  from  the  third  cavity  of  the  heart ,  as  he 
pretends.  This  miftake  comes  only  from  hisj 

"Fig.  2.  t  Fig.  6.  U  Fig,  7. 
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not  having  perceived,  in  the  land'  tortoife  of 
America ,  the  4  ventricles  which  I  have  de- 
monftrated  to  the  academy  in  the  heart  of  this 
animal. 

The  trunk  of  the  aorta,  at  about  the  di- 
ftance  of  an  inch  from  the  heart,  divides  itfelf 
into  2  confiderable  branches  •,  one  turns  back¬ 
wards,  the  other  forwards.  The  pofterior  branch 
4,  bending  from  left  to  righr,  crofies  the  an¬ 
terior  branch  5,  after  which  it  continues  its  courfe 
towards  the  tail,  and  gives  branches  to  all  the 
pofterior  parts  of  the  body. 

The  anterior  branch  5  advancing  towards  the 
head  divides  into  two  branches,  each  of  which 
fubdivides  into  two  others,  which  make  the  axillary 
arteries  8,  8,  and  the  carotids  9,  9,  which  throw 
themfelves  into  all  the  anterior  parts. 

The  fecond  trunk  of  an  artery  *  2,  2,  2,  2, 
which  I  call  the  canal  of  communication,  becaufe 
it  difcharges  a  part  of  the  blood  which  it  receives 
from  the  heart  into  the  pofterior  branch  4  of  the 
aortay  bending  alio  backwards,  but  on  the  left 
fide,  at  firft  c foftes  this  branch,  and  after  having 
produced  the  coeliac  artery  6,  and  the  mefenteric 
7,  it  unites  with  it,  and  opens  into  its  capacity. 

The  pulmonary  artery  p  3,  which  makes  the 
third  trunk,  reprefented  open,  is  divided  into 
two  confiderable  branches,  which  crofs  one  ano¬ 
ther  from  their  origin  ;  fo‘  that  the  right  paffes 
into  the  left  lobe,  and  the  left  branch  into  the 
right  lobe  of  the  lungs. 

The  trucks  of  thefe  three  arteries  are  of  une¬ 
qual  capacity.  That  of  the  canal  of  communi¬ 
cation  2,  is  a  little  fmaller  than  that  of  the  aor¬ 
tal  1,  but  that  of  the  pulmonary  artery  **  3,  is 

*f  Fig.  %  &  4.  *  Fig,  4.  +  Fig.  7-  t  Fig.  6. 
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itfelf  almoft  as  big  as  that  of  the  aorta ,  and  that 
of  the  canal  of  . communication  taken  together,  in 
both  tortoifes. 

In  the  land  tortoife,  the  pulmonary  arteries 
have  a  capacity  equal  to  that  of  the  pulmonary 
veins.  In  the  fea  tortoife  the  pulmonary  veins 
have  a  much  lefs  capacity  than  the  pulmonary 
arteries. 

An  explanation  of  the  figures  in  plate  III. 

Fig.  i.  A.  The  heart  reverfed. 

B. B.  The  vena  cava, 

C.  C.  The  axillaries. 

D.  The  coronary. 

E.  E.  The  2  hepaticks. 

F.  F.  The  2  pulmonary  veins. 

G.  G.  The  2  auricles. 

Fig.  2.  A.  The  heart  in  its  natural  fituation, 

G.  G.  The  auricles. 

1 .  The  aorta. 

2.  2.  The  canal  of  communication. 

3.  3.  3.  The  pulmonary  artery,  and  its  two 
branches. 

6.  The  coeliac. 

7.  The  mefenteric. 

4.  The  poiicrior  branch  of  the  aorta, 

5.  The  anterior  branch. 

8.  8.  The  axillaries. 

9.  9.  The  carotids. 

Fig.  3.  A.  A.  The  heart. 

H.  H.  The  left  auricle  open. 

T.  The  aperture  of  the  pulmonary  veins. 

N  N  N.  The  3  valves  of  the  left  ventricle. 

P.  The  left  ventricle  open. 

R.  The  firft  ftrait,  or  foramen  ovale, 

6.  The  coeliac. 

V  *  *  •  .  •  •  •  ' 
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7.  The  mefenteric. 

1.  The  partition  of  the  auricles. 

Fig.  4. 1.  The  trunk  of  the  aorta , 

2.  2.  2.  2.  The  canal  of  communication. 

4.  4.  The  pofterior  branch  of  the  aorta, 

5.  The  anterior  branch. 

6.  The  cceliac. 

7.  The  mefenteric. 

8.8.  The  axillaries. 

9.9.  The  carotids. 

Fig.  5.  A.  A.  The  heart. 

I.  The  partition  of  the  auricles. 

K.  K,  The  right  auricle  opened. 

M.  M.  The  2  valves  of  the  inofculation  of  the 
veins  with  the  right  auricle. 

O.  The  valve  of  the  entrance  of  the  right  ven¬ 
tricle. 

The  right  ventricle  opened. 

R.  The  firft  (trait,  or  foramen  ovale. 

T.  The  fecond  (trait. 

V.  The  flefhy  valve. 

Fig.  6.  A.  A.  The  heart. 

S.  The  third  ventricle  opened. 

T.  The  fecond  (trait. 

1.  Th t  aorta  opened. 

2.  2.  The  canal  of  communication  opened. 

4.  The  entrance  of  the  pofterior  branch  of  the 

aorta. 


5.  The  anterior  branch. 

6.  The  coeliac. 

7.  The  mefenteric. 

Y.  The  third  (trait. 

Fig .  7.  A.  A.  The  heart. 

G.  G.  The  auricles. 

X.  The  fourth  ventricle  opened; 

Y.  The  third  (trait. 
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3.  3.3.  The  pulmonary  artery  with  its  two 
branches. 

Fig.  8.  D.  Part  of  the  coronary  vein. 

E.  The  outlet  of  the  veins  of  the  right  au¬ 
ricle. 

F.  F.  The  two  pulmonary  veins. 

G.  G.  The  auricles.. 

Fig.  9.  reprefents  the  texture  of  the  flefhy  fibres 
of  the  axillary  veins  of  the  lea  tortoife. 
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I.  Of  the  earthquakes  in  Italy. 

MMARALD1  having  communicated  to  the 
#  academy  fome  accounts  which  he  had  re¬ 
ceived  of  earthquakes  in  Italy ,  we  will  here  coi¬ 
led  from  them  the  greateft  part  of  the  natural 
philofophy  which  they  contained. 

The  earthquakes  in  Italy  began  Obtob.  1702, 
and  continued  till  July  1703.  The  countries 
which  buffered  mod  by  them,  and  where  they 
began,  are  the  city  of  Norcia ,  with  thofe  depend¬ 
ing  on  it  in  the  ecclefuiftical  flate ,  and  the  pro¬ 
vince  of  Aoruzzo .  Thete  countries  are  conti¬ 
guous  and  fituated  at  the  foot  of  the  Apennines  on 
the  fouth-fide. 

The  earthquakes  have  often  been  accompanied 
with  terrible  noifes  in  the  air,  and  thele  noiles 
have  beenalfo  frequently  heard  without  any  earth¬ 
quake,  even  when  the  Iky  has  been  very  ferene. 
The  earthquake  on  Feb.  2,  1703,  which  was  the 
mod  violent  of  them  all,  was  accompanied,  at 
leaft  at  Rome ,  with  a  great  lerenity  of  the  fky, 
and  a  great  calm  in  the  air.  At  Rome ,  it  Titled 
half  a  minute  •,  and  at  Aquila,  the  capital  of  A- 
bruzzo ,  3  hours.  It  overthrew  the  whole  city  of 
Aquila ,  buried  under  its  ruins  5000  perfons,  and 
made  great  havock  in  the  adjacent  parts. 
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The  fhakings  of  the  earth  have  eommonly 
been  from  N.  to  S.  or  very  near  it,  which  has 
been  obferved  by  the  motion  of  the  lamps]  in  the 
churches. 

It  made  two  openings  in  a  field,  from  whence, 
with  violence,  ifllied  out  great  quantities  of  ftones, 
which,  having  entirely  covered  it,  made  it  bar¬ 
ren.  After  the  ftones,  there  fprang  up  fuddenly 
from  their  openings  two  fpouts  of  water,  whole 
height  much  exceeded  the  trees  of  this  country, 
which  lafted  a  quarter  of  an  hour,  and  overflowed 
the  neighbouring  countries.  This  water  is  whi- 
tifh,  like  foap-fuds,  and  has  no  tafte. 

A  mountain  which  is  near  Sigillo ,  a  town  22 
miles  diftant  from  Aquila,  had  a  pretty  large 
plain  on  its  fummit,  furrounded  with  rocks,  which 
were  a  kind  of  wall  to  it.  Since  the  earthquake 
of  Feb .  2,  inflead  of  this  plain,  there  is  a  gulph 
made  of  an  unequal  breadth,  the  greateft  diame¬ 
ter  of  which  is  2  5toifes,  and  the  leaft  20.  The 
bottom  of  it  could  not  be  found,  tho’  they  went 
300  toifes  deep.  At  the  time  when  this  opening 
was  made,  flames  were  feen  to  proceed  out  of  it, 
and  afterwards  a  very  great  fmoak,  which  lafted  3 
days  with  feme  interruptions. 

At  Genoa ,  the  ift  and  2d  of  July,  1703,  there 
were  two  fmall  earthquakes.  The  lalt  was  felt 
only  by  perfons  who  were  at  work  on  the  mole. 
At  which  time  the  fea  in  the  port  fell  6  feet •,  fo 
that  the  gallies  in  the  Darfe  touched  the  bottom, 
and  the  lea  continued  thus  low  near  a  quarter  of 
an  hour. 

The  fulphurous  water,  which  is  in  the  road 
from  Rome  to  Tivoli ,  diminilhed  2  feet  {  in 
height,  both  in  the  bafon  and  in  the  ditch.  In 
many  places  of  the  plain,  called  II  Tejlino ,  there 
were  fprings  and  rivulets  of  water,  which  formed 
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impaffable  marfhes,  but  all  dried  up.  The  water 
of  a  lake,  called  Inferno ,  diminifhed  alfo  3  feet 
in  height.  Inftead  of  the  old  fprings,  which 
ceafed,  there  came  new  ones  about  a  league  dif- 
rant  from  the  firft  ;  fo  that  in  all  likelihood  thofe 
very  waters  have  changed  their  courfe. 

II.  A  dij cover y  of  a  fingnlar  property  in  the 

thermometer. 

It  muft  appear  fomething  furprifing,  that  when 
v/e  cover  the  ball  of  the  thermometer  with  our 
hand  to  warm  the  liquor,  and  make  it  afcend  to 
the  tube,  this  liquor  begins  to  fall,  and  does  not 
afcend  above  its  firft  level  till  after  this  feeming 
irregular  motion,  which  is  fo  contrary  to  what 
might  have  been  expected.  M.  Amontons ,  who 
fpoke  of  this,  on  the  occafion  of  his  new  ther¬ 
mometers,  refers  this  motion,  whereby  the  liquor 
falls  at  firft,  to  the  rarefaction  which  the  heat  of 
the  hand  caufes  even  in  the  fubftance  of  the  glafs 
of  the  ball,  before  it  can  caule  any  in  the  liquor. 
The  capacity  of  the  ball  therefore  is  augmented, 
and  confequently  the  liquor  in  the  tube  finks,  till 
it  has  received  warmth  enough  to  rife,  notwith- 
ftanding  the  increafe  of  the  capacity  of  the  ball. 

M.  Amontons  hath  calculated  upon  exact  expe¬ 
riments,  how  much  the  increafe  of  this  capacity 
may  be,  and  he  has  found  it  to  be  but  1  oooth 
part.  This  1  oooth  part,  by  which  the  ball  is  aug¬ 
mented,  and  which  is  the  quantity  of  the  liquor 
which  enters  into  it,  or  which  finks,  will  become 
fo  much  the  more  vifible  on  the  tube,  the  nar¬ 
rower  the  capacity  of  the  tube  is  when  compared 
with  that  of  the  ball. 
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III.  Of  the  caufe  of  the  heat  of  lions . 

In  the  lion,  the  gall-bladder  has  feveral  plaits 
or  folds,  and  from  thence  M.  du  Verney  has  con¬ 
jectured,  that  the  bile  being  able  to  remain  there 
a  longer  time,  and  exalt  itfelf  more,  may  per¬ 
haps  be  the  caufe  of  the  great  heat  of  this  animal, 
and  of  the  continual  fever  which  is  aferibed  to'it. 

IV.  On  the  figure  of  the  extrados  of  a  cir¬ 
cular  vault ,  of  which  all  the  archfloncs 
are  in  equilibrio  with  one  another . 

A  vault,  or  femi  circular  arch,  being  placed 
upon  its  two  impofts,  and  all  the  arch-ftones  or 
vouffoirs  that  compofe  this  arch  being  cut  and 
placed  in  fuch  a  manner,  that  their  joints  being 
prolonged  meet  all  in  the  centre  of  the  arch,  it  is 
evident,  that  all  the  arch-ftones  muft  be  in  form 
of  wedges,  wider  at  the  top  than  at  the  bottom, 
by  virtue  of  which  they  bear  upon  and  fuftain  each 
other,  and  mutually  refill  the  effort  of  their  weight 
which  determines  them  to  fall.  The  arch-ftone  in  the 
middle  of  the  arch,  which  is  perpendicular  to  the 
horizon,  and  is  called  the  key  of  the  vault,  is 
fuftained  on  each  fide  by  the  two  contiguous  arch- 
ftones,  exactly  as  by  two  inclined  planes,  and 
confeauently  the  effort  that  it  makes  to  fall,  is 
not  equal  to  its  weight,  but  is  a  certain  part  of  it 
which  is  greater,  as  the  inclined  planes  that  fuftain 
it  are  lefs  inclined  ;  fo  that  if  they  were  infinitely 
little  inclined,  thru  is,  perpendicular  to  the  hori¬ 
zon,  as  well  as  the  key  of  the  vault,  it  would  en¬ 
deavour  to  fall  with  its  whole  weight,  would  not 
be  any  more  fupported,  and  would  actually  fall, 
if  tire  cement,  which  we  do  not  here  confider,  did 
1  not 
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not  hinder  it.  The  fecond  arch-ftone,  which  is 
to  the  right  or  left  of  the  key  of  the  vault,  is 
fuftained  by  a  third  arch-ftone,  which  by  virtue 
of  the  figure  of  the  vault,  is  neceffarily  more  in¬ 
clined  to  the  fecond,  than  the  fecond  is^to  the 
firft  ;  and  confequently  the  fecond  arch-ftone  in 
the  effort-  that  it  makes  to  fall,  exercifes  a  lefs 
part  of  its  weight  than  the  firft.  By  the  fame 
reafon,  all  the  arch-ftones,  reckoning  from  the 
key  of  the  vault,  proceed  always  in  exercifing  a 
lefs  part  of  their  total  weight ;  and,  in  fine,  the  laft, 
which  is  placed  upon  a  furface  horizontal  to  the 
impoft,  does  not  exercife  any  of  its  weight,  or, 
which  is  the  fame  thing,  does  not  make  any  ef¬ 
fort  to  fall,  as  it  is  entirely  fupported  by  the  im¬ 
poft. 

If  we  would  have  all  the  arch-ftones  make  an 
equal  effort  to  fall,  or  be  in  equilibria ,  it  is  vifi- 
ble  that  each,  from  the  key  of  the  vault  to  the 
impoft,  exercifing  always  a  lefs  part  of  its  whole 
weight  ;  as  for  example,  the  firft  exercifing  f, 
the  fecond  the  third  5,  £5 V.  there  is  no  other 
way  to  make  thefe  different  parts  equal,  than  by 
proportionably  increafing  the  wholes,  of  which 
they  are  parts  •,  that  is,  the  fecond  arch-ftone 
muft  be  heavier  than  the  firft,  the  third  than  the 
fecond,  and  lo  on  to  the  laft,  which  muft  be  in¬ 
finitely  heavy,  becaufe  it  makes  no  effort  to  fall, 
and  a  null  part  of  its  weight  cannot  be  equal  to  the 
finite  efforts  of  the  ether  arch-ftones,  unlefs  this 
weight  is  infinitely  great.  To  apprehend  this 
idea  in  a  more  fenfible  manner,  and  lefs  meta- 
phyfically,  we  need  only  refledf,  that  all  the  arch- 
ftones,  except  the  laft,  cannot  let  any  other  arch- 
ftone  whatever  fall  without  raifing  themfelves  ; 
that  they  refift  this  elevation  to  a  certain  point 
determined  by  the  greatnefs  of  their  weight,  and 
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by  the  part  of  it  that  they  exercife,  that  only  the 
laft  arch-hone  can  let  any  other  fall,  without  ri¬ 
ling  in  fome  manner,  and  only  by  (lipping  hori¬ 
zontally  ;  that  the  weights,  fo  far  as  they  are  finite, 
bring  no  refinance  to  the  horizontal  motion,  and 
that  they  do  not  begin  to  bring  any  that  is  finite, 
till  we  conceive  them  to  be  infinite. 

M.  de  la  Hire ,  in  his  Treatife  of  Mechanicks , 
printed  in  1695,  has  demonftfated  what  is  the 
proportion,  according  to  which  the  weight  of 
the  'Voufjoir  of  a  femi-circular  arch  muft  be  en- 
creafed,  that  they  may  all  be  i  •  equilibria,  which 
is  the  fureft  difpofition  that  can  be  given  to  a 
vault,  to  render  it  durable.  Before  this,  the  ar¬ 
chitects  had  not  any  exadt  rule,  and  were  only 
guided  by  trying.  If  we  reckon  the  degrees  of  a 
quadrant  of  the  circle  from  the  middle  of  the 
key  of  the  vault  to  one  impoh,  the  extremity  of 
each  voujjoir  will  belong  to  an  arch  as  much 
greater,  as  it  fhall  be  farther  diftant  from  the  key  ^ 
and  according  to  M.  de  la  Hire's  rule,  we  muft 
encreafe  the  weight  of  an  arch-ftone  above  that  of 
the  key,  as  much  as  the  tangent  of  the  arch  of 
this  voujfoir  exceeds  the  tangent  of  the  arch  of  half 
the  key.  The  tangent  of  the  laft  voujfoir  necef- 
farily  becomes  infinite,  and  cpnfequently  its  weight 
alfo  *,  but  as  infinity  has  no  place  in  practice,  it 
is  reduced  to  charge  the  laft  arch- hones  as  much 
as  pohible,  that  they  may  refift  the  effort  that  the 
vault  makes  to  feparate  them,  which  is  called  the 
J hoot . 

M.  Parent  has  inquired  what  fhould  be  the 
outfide  bend  or  ex tr ados  of  a  vault,  of  which  the 
intrados  fhould  be  circular,  and  all  the  arch-hones 
in  equilibria ,  by  their  weight,  according  to  M. 
de  la  Hire's  rule  ;  for  it  is  plain,  that  all  thefe 
arch- hones,  unequal  in  a  certain  proportion,  make 

on 
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on  the  outfide  a  certain  regular  curve.  He  found 
it  only  by  points,  but  in  a  very  fimple  manner  ; 
fo  that  by  his  method  we  might  eafily  enough 
build  a  vault,  of  which  we  (hall  be  fure  that  all 
the  arch-ftones  will  b tin  equilibrio. 

A  confiderable  effect  of  the  inquiries  of  M.  Pa¬ 
rent  is,  that  he  has  at  the  fame  time  difcovered 
the  meafure  of  the  fhoot  of  the  vault,  or  what 
proportion  this  fhoot  has  to  the  weight  of  the  entire 
vault.  We  only  knew  that  this  effort  was  very 
great,  and  oppofed  great  maffes  of  flones,  or 
butments,  rather  too  ifrong,  than  too  weak,  but 
we  did  not  know  exaftly  what  medium  to  ob- 
ferve. 
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AB  RID  G  M  E  NT 

OF  THE 

Philosophical  Memoirs  of  the  Royal 
Academy  of  Sciences  at  Paris,  for 
the  Year  1704. 

I.  An  obj creation  of  the  quantity  of  rain 
which  fell  at  the  obfervatory,  with  the 
heights  of  the  thermometer  and  barome¬ 
ter,  in  the  year  1703,  by  M.  de  la  Hire  *. 

WH  E  N  I  undertook  to  make  exaft  ob- 
fervations  on  the  quantity  of  rain-wa¬ 
ter  which  fell  at  the  obfervatory  in  the  courfe  of 
a  year,  I  had  no  other  view  than  to  draw  from 
thence  fome  knowledge  of  the  original  of  lprings, 
on  which  I  have  made  fome  remarks,  and  from 
whence  I  have  drawn  considerable  advantages  for 
the  conftrublion  of  citterns,  as  I  have  related  in 
the  memoir  which  I  read  to  the  publick  afiembly 
of  the  academy,  the  i3th  of  afrit,  1703.  But 
as  we  are  perfuaded  by  moil  obfervations,  that  it 
does  not  commonly  rain  but  when  the  air  be¬ 
comes  lighter,  which  is  known  by  the  tailing 
of  the  quickiilvcr  in  the  tube  of  the  barome¬ 
ter  *,  I  thought  that  I  ought  to  add  to  the  ob¬ 
fervations  ot  the  rain,  thole  of  the  barometer, 
and  relate  at  the  fame  time  the  height  of  the  ther¬ 
mometer,  to  know  what  has  been  the  degree  of 
heat  or  cold,  when  there  has  been  more  or  lefs 
plenty  of  rain.  I  have  compared  thefe  different 
heights  of  the  thermometer,  with  thofe  wherein 
*  Jan.  9,  1704. 

it 


Royal  Academy  of  Sciences.  145 

it  always  remains  in  the  bottom  of  the  caves  of 
the  obfervatory,  which  I  look  upon  as  the  mean 
heat  and  the  mean  ftate  of  the  thermometer, 
filled  with  fpirits  of  wine,  which  I  make  ufe  of,  , 
and  this  height  is  48  degrees. 

This  is  the  quantity  of  rain  water  which  fell 
at  the  obfervatory,  each  month  of  the  year  1703, 
which  is  meafured  by  the  height  which  it  would 
have,  if  none  of  it  was  wafted  or  evaporated. 

I  have  already  related  in  other  memoirs  of  this 
kind,  the  manner  in  which  I  make  thefe  obier- 
vations  *,  therefore  will  not  here  repeat  it.  And 
tho’  thefe  obfervations  have  been  made  daily, 

I  have  thought  it  fufficient  to  give  each  month’s 
refult  thereof,  with  fome  remarks  on  this  fubjedt, 
and  principally  of  the  winds  which  governed 
in  January .  The  height  of  the  rain  water  was 
9  lines  I,  almoft  the  whole  of  which  fell  near 
the  beginning  of  the  month,  with  a  wefterly  wind, 
inclining  fometimes  to  the  S.  and  fomermes  to 
the  N.  At  the  end  of  the  month  the  wind  was 
almoft  always  to  the  N.  and  without  rain. 

In  February  there  were  1 4  lines  and  ~  of  water ; 
the  wind  was  Something  changeable,  but  the  great- 
eft  part  of  the  month  it  was  foutherly. 

In  March  it  rained  but.  4  lines,  tho’  the  wind 
was  almoft  always  towards  the  W.  between  the 
N.  and  the  S. 

In  April  there  fell  16  lines  and  \  of  water, 
diftributed  pretty  equally  throughout  the  whole 
month,  the  wind  being  almoft  always  in  the  S. 
inclining  to  the  W.  and  feldom  towards  the  N. 

In  May  I  found  34  lines  and  \  of  water  *,  the 
governing  wind  was  W.  which  fometimes  changed 
to  the  S.  but  more  commonly  to  the  N. 

In  June  there  fell  but  23  lines  of  water,  the 
wind  being  almoft  always  in  the  W. 

Vol.II.  N°.  16.  U  In 
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In  July  it  rained  28  lines  4,  which  fell  at  the 
beginning,  in  the  middle,  and  at  the  end  of  the 
month.  When  it  rained,  the  wind  was  almoft 
always  in  the  W.  inclining  to  the  S.  and  N.  and 
in  the  intervals  it  was  pretty  often  in  the  N.  and 
a  little  in  the  E. 

In  Augujl  the  rain  furnifhed  23  lines  ■£,  of 
which  13  lines  \  fell  the  12th  day  of  the  month, 
beginning  with  a  little  ftorm,  the  wind  being 
E.  S.  E.  the  wind  was  almoft  always  in  the  N. 
and  fometimes  inclining  to  the  E.  and  W. 

In  September  the  whole  height  of  the  rain  wa¬ 
ter  role  to  20  lines  which  was  diftributed 
thro’  the  whole  month.  The  prevailing  wind 
was  S.  W. 

In  Qffober  I  got  17  lines  of  water,  which  fell 
each  time  in  little  quantities  throughout  the 
courfe  of  the  month.  The  wind  was  almoft 
always  in  the  W.  inclining  to  the  S.  and  feldom 
in  the  N.  or  E. 

In  November  I  collected  but  1 3  lihes  of  water, 
which  fell  at  the  beginning  and  towards  the  end 
of  the  month,  with  a  S.  wind.  From  the  4th 
of  the  month  to  the  19th,  it  did  not  rain,  the 
wind  being  almoft  always  in  the  E.  and  fome¬ 
times  to  the  N. 

In  December  there  fell  but  3  lines  and  *  of 
water,  but  there  were  many  fogs.  In  two  thirds 
of  the  month,  towards  the  end  of  it,  there  was 
no  rain,  tho*  the  wind  was  pretty  often  towards 
the  W.  except  on  the  laft  days,  when  it  was  about 
the  E. 

The  fum  of  the  rain  water  of  the  whole  year 
was  208  lines  or  17  inches  4  lines  which  is 
a  little  lefs  than  the  common,  which  is  19 
inches  ;  fo  that  we  may  fay,  that  this  year  is 
one  of  the  dryeft  of  thefe  countries. 


The 
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The  four  months  of  May,  June ,  July ,  and 
Auguft ,  gave  more  water  than  the  other  eight  to¬ 
gether,  which  commonly  happens,  tho5  there 
have  been  no  confiderable  ftorms. 

The  little  fnow  which  fell  in  the  beginning  of 
this  year,  is  not  worth  being  confidered.  We  fee 
thereby,  that  it  is  not  the  great  quantity  of  fnow 
which  makes  the  earth  more  fruitful,  as  is  com¬ 
monly  believed,  fince  this  year  has  produced 
much  corn  and  fruit.  It  is  true  that  fnow,  con- 
tinuirg  long  on  the  furface  of  the  earth,  may 
keep  the  falts  therein,  which  throw  themfelves 
Out  of  it  continually,  and  which  entering  the 
earth  again,  when  the  fnow  melts,  may  make 
it  more  fruitful ;  but  there  may  alfo  be  rains 
which  may  have  the  fame  effedt,  if  they  are  im¬ 
pregnated  with  the  fame  falts. 

The  cold  was  not  confiderable  throughout  the 
months  of  January  and  February ,  wherein  it 
commonly  is  the  greateft,  for  my  thermometer 
did  not  fall  to  26  degrees  •,  and  I  have  obferved, 
that  it  does  not  begin  to  freeze  till  this  thermo¬ 
meter  is  at  32  degrees ;  from  whence  alfo  we 
may  fee,  that  there  have  been  no  confiderable 
froft s.  In  the  laft  months  of  this  year  the  cold 
was  not  fo  great  as  at  the  beginning. 

If  the  cold  was  not  confiderable  this  whole  year, 
the  heat  was  alfo  but  moderate,  and  of  little  con¬ 
tinuance  *,  and  I  find  that  the  hotteft  days  were 
the  27th  of  May,  the  laft  days  of  July,  and  the 
firft  of  Auguft,  wherein  the  thermometer  was 
near  60  degrees.  The  hotteft  day  was  the  12th 
of  Auguft,  in  which  the  thermometer  rofe  to 
64  degrees.  Thefe  obfervations  are  always 
made  near  the  fun-rifing,  which  is  the  time 
wherein  the  air  is  cooleft  *,  and  between  two  and 
three  in  the  afternoon,  the  heat  of  the  day  is 

U  2  greateft. 
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greateft.  I  have  obferved  during  the  fummer, 
that  between  two  and  three  in  the  afternoon,  the 
thermometer  rifes  10  or  12  degrees  more  than  in 
the  morning  at  the  time  of  the  fun-rifing,  tho* 
this  thermometer  is  always  in  the  fhade. 

The  28th  of  April ,  the  thermometer  having 
been  in  the  morning  at  42  degrees,  and  the  baro¬ 
meter  at  27  inches  3  lines  there  was  a  ftorm 
and  pretty  loud  thunder  ;  and  I  was  told,  that 
near  Villeneuve  St .  George ,  there  fef  on  the  earth 
a  very  great  flame,  which  frightened  thofe  who 
lay  near  it,  but  which  did  no  hurt  to  thofe  who 
were  in  the  place  where  it  fell. 

As  to  the  barometer,  it  was  at  the  higheft  on 
the  10th  of  December  in  the  evening,  at  28 
inches,  4  lines  and  at  the  height  of  the  great 
hall  of  the  cbfervatory,  and  in  the  whole  month 
of  December  the  barometer  always  kept  up  very 
high  ;  nor  did  it  rain  but  3  lines  and  this  is  a 
confirmation  of  what  is  generally  obferved,  that 
it  very  feldom  rains  when  the  barometer  is  raifed 
higher  than  its  mean  ftate.  There  alfo  happen¬ 
ed  very  near  the  fame  thing  in  Marchy  when  it 
did  not  rain  more  than  4  lines;  but  the  baro¬ 
meter  was  not  quite  fo  high  as  in  December. 

The  third  of  January  the  barometer  was  the 
ioweft  in  the  year  at  26  inches,  6  lines  with 
a  little  rain,  and  without  ftorms,  as  it  often  hap¬ 
pens  when  it  is  very  low.  Thus  the  difference 
between  the  greateft  and  the  leaf!  height  of  the 
barometer,  was  this  year  1  inch,  9  lines  and  f , 
which  is  a  little  more  than  the  common,  which 
does  not  exceed  1  inch,  6  lines. 

1  obferved  on  the  1 8  th  of  December ,  thedecli-. 
nation  of  the  needle  from  90  6'  N.  towards  the 
W.  with  a  needle  of  8  inches  length.  This 
needle  is  very  well  made,  and  is  fhut  up  in  a 

wooden 
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wooden  box  of  a  fquare  figure  ;  and  to  make 
the  obfervation,  I  always  place  the  fide  of  this 
box  in  one  and  the  fame  part  of  a  pillar,  in  the 
lower  ftone  gallery  of  the  obfervatory,  whofe  po- 
fition  in  the  meridian  line  I  am  certain  of,  by  very 
exaCl  obfervations  on  the  centre  of  the  fun’s  paf- 
fage  in  the  meridian. 

II.  New  obfervations  on  the  infers  of  orange- 
trees,  by  M.  de  la  Hire 

I  had  formerly  examined  what  is  called  the 
grain  of  cochineal,  and  I  had  given  a  memoir 
of  it  to  the  academy,  in  which  I  related  at  length, 
all  the  difcovery  I  could  make  of  them  by  their 
figure,  after  having  foaked  them  *,  and  among 
other  things  I  had  obferved,  that  it  was  a  little 
infeCt,  of  which  nothing  remained  entire  but  the 
belly,  which  was  covered  with  lcales  ;  but  no 
part  of  the  body  near  the  head  was  to  be  feen, 
nor  any  feet,  which  I  imagined  had  been  dry’d 
up  and  reduced  to  duft. 

It  came  then  into  my  thoughts,  whether  the 
little  infe&s  on  orange-trees  were  not  the  fame 
with  the  cochineal  ;  for  the  figure  of  the  belly 
appeared  to  me  much  like  them,  and  thefe  infedls 
feeding  on  the  juice  of  the  red  fruits  of  Opuniia , 
where  they  gather  cochineal,  might  give  them 
the  red  colour  and  flrong  dye,  with  which  they 
are  filled. 

I  had  often  obferved,  that  in  bruifing  with  the 
fingers  the  infeCts  on  orange-trees,  they  remained 
dyed  of  a  reddifh  colour,  which  flicks  pretty 
fall  to  the  skin,  tho5  thefe  animals  feed  only  on 
the  juice  of  green  leaves  and  flalks  of  the  tree  ; 
and  this  is  what  perfuaded  me  that  there  was 
great  likelihood  in  my  conjectures  ^  that  if  thefe 

*  March  8,  1704. 
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infedts  fed  on  the  juice  of  the  red  fruits  of  the 
Opuntia ,  they  might  give  a  very  ftrong  red 
tincture ;  and  what  more  confirmed  it  was,  that 
I  knew  thofe  who  had  eaten  of  thefe  fruits,  had 
made  urine  as  red  as  blood. 

To  fucceed  in  my  defign,  as  I  had  fome  plants 
of  Opuntia ,  which  had  very  red  fruits  upon  them, 
I  placed  them  underneath,  and  very  near  fome 
orange-trees,  whereon  were  many  infects  not  yet 
hatched.  I  alfo  broke  feveral  of  the  bags  which 
contained  the  eggs,  and  fpread  a  great  quantity 
of  them  over  all  the  Opuntia ,  hoping  that  fome 
of  thefe  animals  would  fallen  upon  it.  I  obfer- 
ved  every  day,  .with  a  great  deal  of  care,  both 
the  leaves  and  fruits  of  the  Opuntia ,  *,  and  at 
lad  I  perceived  one  day  a  very  great  quantity 
of  little  white  infects,  which  ran  with  great  fwift- 
nefs  upon  the  Opuntia.  I  alfo  looked  on  the 
orange-trees,  and  in  like  manner  found  them 
proportionably  there.  I  then  made  no  doubt 
but  that  thefe  little  infedts  were  hatched  from 
thofe  eggs.  A  little  time  after,  all  thefe  infedts 
fixed  on  the  orange-trees,  round  the  branches  and 
under  the  leaves,  and  they  forfook  the  opuntia , 
on  which  there  remained  none  of  them,  either  on 
the  leaves  or  fruits.  Thus  I  concluded,  that  thefe 
infedts  of  the  orange-trees,  tho’  in  appearance 
fomething  like  the  cochineal,  could  not  find  on 
the  opuntia  a  food  fuitable  to  them,  as  on  many 
other  plants,  and  that  thefe  were  not  the  fame. 

However,  my  enquiry  was  not  altogether  ufelefs 
to  me ;  for  I  then  knew  that  the  infedts  on  orange- 
trees,  from  their  being  hatched  till  a  certain  big- 
nefs,  to  which  they  arrived  in  a  little  time  before 
they  fixed  themfelves,  might  couple,  and  be  in 
a  condition  of  laying  fruitful  eggs,  at  a  time 
far  diftant  from  that  of  their  coupling,  which  is 
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not  till  eight  months  after ;  and  what  feems  yet 
more  extraordinary,  is  the  great  growth  of  thefe 
infers  after  they  are  fixed  and  fettled,  till  the 
time  of  their  laying  ;  for  they  become  20  or  20 
times  greater  than  they  were  before,  and  their  out¬ 
ward  figure  being  changed,  they  now  appear 
only  like  a  pretty  long  piece  of  tortoife-fhell. 

It  were  to  be  wifiied  that  fome  of  the  feeds 
of  cochineal  could  be  conveyed  into  the  fouthern 
parts  of  Europe ,  as  Sicily  and  Spain ,  where  the 
opuntia  may  eafily  be  brought ;  for  I  make  no 
doubt  but  that  cochineal  may  there  be  fufficiently 
cultivated,  to  know  perfectly  the  nature  of  it, 
without  being  obliged  to  refer  to  the  relation 
of  clowns  and  Haves,  who  look  on  the  produc¬ 
tions  of  nature  only  with  regard  to  the  profit 
which  it  brings  to  them. 

III.  That  all  the  barometers ,  double  as  well 
as  fimple ,  which  have  been  hitherto  con - 
fir  uffied ,  aft  not  only  by  the  treater  or 
lefs  weight  of  the  air ,  but  alfo  by  its 
greater  or  lefs  heat  ;  and  the  means  of 
preventing  this  defect  Jor  the  future  in 
the  conftruftion  oj  double  barometers ,  and 
of  correcting  the  error  in  the  ufe  of  the 
fimple  barometers ,  by  M .  Amontons 

It  is  proper  in  the  firft  place  to  relate  the  par¬ 
ticulars  of  fome  experiments,  in  order  to  deduce 
afterwards  from  thence,  if  pofiible,  a  confiruCtion 
which  may  prevent  the  alteration  caufed  by  heat 
in  the  weight  of  quickfilver,  with  which  com¬ 
mon  barometers  are  filled. 

*  June  18,  1704. 
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Experiment  I. 

The  thermometers,  of  which  mention  is  made 
at  the  end  of  the  connoijjance  de  'terns  of  1704, 
being  at  54  inches,  5  lines,  an  areometer  was 
filled  with  quickfilver,  in  which  entered  18  ounces, 
7  drams,  63  grains.  After  having  emptied  the 
areometer,  it  was  filled  with  fpirit  of  wine,  and 
there  entered  1  ounce,  1  dram,  28  grains.  The 
quickfilver,  fpirit  of  wine,  and  thermometer  had 
been  a  confiderable  time,  as  feveral  days,  in  the 
fame  place  near  one  another. 

It  follows  from  this  experiment,  that  the  weight 
of  the  quickfil  ver  is  to  that  of  the  fpirit  of  wine  in 
an  equal  mafs,  near  as  16-  to  1,  when  we  do 
not  try  it  either  in  great  cold  or  great  heat. 

Experiment  If. 

The  fame  thermometers  being  at  54,  inches,  1 1 
lines,  a  little  common  thermometer  glafs  was 
filled  full  of  quickfilver,  the  whole  which  entered 
therein  was  757  grains  :  the  bignefs  of  the  tube 
was  fuch,  that,  in  the  length  of  1 1  lines,  it  con¬ 
tained  18  grains.  At  this  rate,  a  tube  of  like 
bignefs,  and  of  36  inches,  6  lines  f  long,  would 
have  contained  the  757  grains  of  quickfilver. 
The  thermometers  being  fallen  to  50  inches,  1 1 
lines,  the  little  quickfilver  thermometer  fell  juft 
2  lines  *,  from  whence  we  muft  conclude,  that 
from  the  great  heat  to  the  great  cold  of  our  cli¬ 
mate  commonly  taken,  that  is  to  fay,  in  the  time 
when  my  thermometers  ran  from  50  to  58  in¬ 
ches  of  their  graduation,  the  bulk  of  the  quick- 
filver  augments  by  about  174  part  of  what  it  had  in 
the  great  cold,  and  that  in  equal  bulks  the  weight 
of  it  alfo  diminifhes  in  great  heat  from  that 
which  it  had  in  the  great  cold. 

Expo - 


Royal  Academy  of  Sciences.  153 
Experiment  III. 

The  thermometers  being  at  54  inches,  fome 
fpirit  of  wine  was  put  into  a  glafs  tube,  fealed  at 
one  end  :  it  occupied  in  this  tube  32  inches,  4 
lines  in  length  \  the  other  end  of  the  tube  was  af¬ 
terwards  fealed,  and  it  was  Jeft  for  the  experiment. 
The  thermometers  being  fallen  to  50  inches,  the 
fpirit  of  wine  in  the  tube  was  funk  7  lines  4  ; 
from  whence  it  follows,  that  from  the  great  cold 
to  the  great  heat  of  our  climate  commonly  taken, 
the  bulk  of  the  fpirit  of  wine  augments  about  2\ 
of  that  which  it  had  in  the  great  cold. 

It  alfo  follows  from  thefe  three  experiments, 
that  in  the  great  cold  of  our  climate,  the  weight 
of  the  quickfilver  is  to  that  of  the  fpirit  of  wine 
near  as  1 6  to  1. 

This  being  fettled,  if  we  fuppofe  that  in  the 
great  cold  the  fpace  between  the  furfaces  of  the 
quickfilver  of  the  two  boxes  of  the  double  baro¬ 
meter  is  28  inches,  8  lines  \  one  of  thefe  inches 
will  counterbalance,  or  be  an  equilibrium  to  16 
inches  of  fpirit  of  wine,  and  the  top  of  thefe  16 
inches  of  fpirit  of  wine,  will  mark  for  that  time 
on  its  tube  the  place  where  the  atmofphere  equals 
the  remaining  27  inches.  8  lines. 

By  taking  the  top  and  bottom  of  this  point  of 
the  equal  parts  of  16  lines,  each  of  thefe  parts 
will  be  analogous  to  the  lines  of  the  quickfilver 
of  the  fimple  barometer,  that  is,  the  fpirit  of  wine 
of  the  tube  being  at  the  fir  ft  diviftom  under  that 
which  marks  27  inches,  8  lines,  will  fhew  that 
the  air  then  weighs  27  inches,  9  lines,  and  only 

27  inches,  7  lines,  when  the  fpirit  of  wine  fhall 
be  at  the  firft  divjfion  above  that  which  marks 

28  inches,  8  lines.  Mean  while  it  muft  be  ob~ 
ferved  that  each  of  thefe  parts  of  1 6  lines  ought 
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to  be  diminifhed  f  f  of  a  line,  if  the  aperture  of 
the  tube,  which  contains  the  fpirit  of  wine,  is 
half  that  of  a  line,  and  the  diameter  of  the 
box  an  inch,  the  reafon  of  which  is,  that  the 
fpirit  of  wine  which  enters  into  this  tube  cannot 
go  out  of  the  box,  without  making  the  quick- 
filver  fall  in  a  quantity  which  equals  of  a  line  ; 
which  makes  a  difference  of  %  of  a  line  in  the 
height  of  the  quickfilver  to  each  part,  and  there 
mult  be  V  of  fpirit  of  wine  to  be  an  equilibrium 
to  f  of  quickfilver. 

The  cold  fuppofed  to  be  ftill  the  fame,  and  the 
barometer  being  thus  regulated,  it  is  evident, 
that  it  will  exactly  mark  all  the  changes  which 
fhall  happen  in  the  weight  of  the  atmofphere, 
with  this  advantage  over  fimple  barometers,  that 
it  will  mark  them  at  lead  1 4  times  more  fenfibly  : 
but  in  the  great  heats  of  our  climate,  thefe  28 
inches,  8  lines  of  quickfilver,  which  in  the  great 
cold  made  an  equilibrium  with  the  weight  of  the 
atmofphere,  will  weigh  jf5  lefs,  and  ought  con- 
fequently  in  order  to  continue  to  counter-balance 
the  fame  weight  of  air,  to  be  augmented  about 
3  lines,  which  are  very  near  the  of  28  in¬ 
ches,  8  lines,  without  which  the  fpirit  of  wine 
will  fink  in  its  tube  48  lines  minus  f  §  of  a  line, 
that  is  to  fay,  a  little  more  than  3  inches 

This  augmentation  of  3  lines  to  the  height  of 
the  column  of  quickfilver,  cannot  be  made  till 
the  furface  of  the  quickfilver  of  the  inferior  box 
falls  a  line  and  half,  for  then  this  line  and  half  of 
quickfilver  being  driven  into  the  fuperior  box, 
will  make  one  total  height  of  quickfilver  of  28 
inches,  1 1  lines,  between  the  furfaces  of  the 
quickfilver  of  the  two  boxes.  Now  it  is  necef- 
firy,  in  order  to  hinder  this  falling  of  the  quick- 
fiiver  in  the  inferior  box,  from  caufing  any  change 
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in  the  height  of  the  fpirit  of  wine  in  the  tube, 
that  the  part  of  the  fpirit  of  wine,  which  is  in  the 
inferior  box,  fhould  dilate  itfelf  fufficiently  to  fill 
this  fpace  of  a  line  and  half,  which  the  quickfilver 
abandons ;  which  will  necefiarily  happen,  if 
there  is  given  to  that  part  of  the  box  which  con¬ 
tains  the  fpirit  of  wine,  an  equal  capacity  with 
that  of  a  cylinder  of  the  fame  diameter  as  the 
box,  and  of  40  lines  \  of  height,  fince  thefe  40 
lines  \  contain  27  times  1  line  and  half,  and 
the  fpirit  of  wine,  by  the  third  experiment  above 
related,  augments  its  bulk  2l7  from  great  cold  to 
great  heat. 

It  now  remains  to  confider  the  changes  which 
heat  may  make  on  the  fpirit  of  wine  contained 
in  the  tube,  according  as  it  may  be  at  different 
heights,  and  as  the  degrees  of  heat  vary. 

Firft,  it  is  now  very  certain,  that  while  the 
weight  of  the  atmofphere  flops  the  fpirit  of  wine 
at  the  bottom  of  the  tube  which  contains  it,  what¬ 
ever  change  happens  to  the  heat  of  the  air,  the 
fpirit  of  wine  in  the  tube  will  not  change  its  fi- 
tuation,  and  that  the  whole  adion  of  the  rare- 
fadion  of  the  liquor,  will  be  made  on  the  fide  of 
the  fuperior  box. 

It  is  alfo  very  evident,  that  in  great  cold, 
whatever  height  the  fpirit  of  wine  may  have  in 
the  tube  which  contains  it,  it  will  always  mark 
precifely  the  augmentation  or  diminution  of  the 
weight  of  the  atmofphere,  fince  it  is  fuppofed  to 
be  in  the  flate  of  great  cold,  that  the  barometer 
has  been  regulated. 

It  is  then  only  the  different  heights  of  fpirit  of 
wine  in  the  tube,  except  the  time  of  great  cold, 
which  can  make  any  alteration  in  the  exadnefe 
of  this  barometer  \  and  though  this  alteration  in 
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the  greateft  heights  of  the  fpirlt  of  wine,  in  times 
of  the  greateft  heats,  cannot  at  moft  exceed  14 
lines,  and  that  it  is  very  inconfiderable  at  all  other 
times,  wherein  the  heat  is  lefs ;  yet  this  is  the  way 
tc  corredt  it,  when  it  is  necelfarv  to  be  exadt  in 
the  obfervations. 

If  *  in  the  tube,  which  contains  the  fpirit  of 
wine,  it  role  therein  thro’  the  little  weight  of 
the  atmofphere,  in  the  time  of  the  g’eat  heats* 
to  the  height  of  28  inches,  there  would  then  be 
on  this  height  of  28  inches  one  inch  to  be  cor¬ 
rected,  becaufe  then  thefe  28  inches  would 
weigh  no  more  than  27  inches,  in  the  time  of 
great  cold.  Therefore  if  they  take  this  tube  of 
28  inches  for  one  of  the  fides,  about  the  right 
angle  of  a  rectangular  triangle,  and  at  this  height 
of  28  inches,  a  line  is  drawn  of  an  inch  perpen¬ 
dicular  to  the  tube,  which  makes  the  other  fide 
of  the  right  angle  of  the  faid  triangle  *,  this  Jaft 
fide  being  divided  in  fo  many  equal  parts,  as  the 
thermometer  contains  degrees  from  winter  to 
fummer,  and  numbered  in  like  manner,  for  ex¬ 
ample,  in  8  with  the  fame  figures,  and  that  from 
each  of  thefe  parts  the  right  lines  are  carried  to 
the  extremity  of  the  other  fide,  fo  that  they  di¬ 
vide  the  triangle  into  8  equal  triangles,  there 
will  be  no  more  to  do  than  from  all  the  divifions 
of  this  firft'fide  to  carry  lines  parallel  to  the  fe- 
cond  fide  :  thefe  parallels  will  each  be  divided 
into  as  many  parts,  as  that  by  the  lines  carried 
from  its  divifions  to  the  extremity  of  the  firft 
fide,  and  all  thefe  divifions  will  be  analogous  to 
the  degrees  of  the  thermometer,  and  will  indicate 
how  the  liquor  fhould  be  corrected,  that  is  te 
fay,  how  much  of  its  height  fhould  be  dimi- 
nifhed. 

*  Plate  IV.  Fig.  1. 
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Example. 

The  thermometer  being  at  56  inches,’  the  li¬ 
quor  in  the  barometer  at  27,  let  there  be  taken 
from  the  height  of  the  liquor  a  quantity  equal  to 
that  part  of  the  parallel  27,  which  is  contained 
between  the  lines  50  A  and  56  A,  and  thus  of 
others. 

As  to  the  fimple  barometer,  the  whole  extent 
of  its  march  being  bounded  in  a  fpace  too  little, 
for  fuch  a  fcale  as  the  preceding  to  be  of  any  ufc 
to  correct  it  in  fuch  a  manner  as  is  necefiary,  the 
following  table  may  be  ufed,  which  fhews  how 
much  a  column  of  quickfilver  of  28  inches,  9 
lines,  will  lengthen  or  diminifli  at  all  the  degrees 
of  heat  indicated  by  my  thermometer. 

This  increale  or  diminution  is  exprefled  in  this 
table  by  of  a  line.  Thus,  for  example,  over- 
againft  55  inches,  5  lines,  is  to  be  found  65* 
which  means  that  at  the  time  when  my  thermome¬ 
ters  mark  55  inches,  5  lines,  there  muft  be  di- 
minifhed  from  the  height  of  the  quickfilver  of 
the  fimple  barometer  an  equal  quantity  to  2  lines 
3^  of  a  line. 

It  ftiould  alfo  here  be  noted,  that  though  28 
inches,  9  lines,  are  not  the  mean  height  of  the 
fimple  barometer,  this  height  being  more  com¬ 
monly  27  inches,  6  lines;  yet  neverthelefs  this 
table  may  very  profitably  be  made  ufe  of  without 
the  fear  of  falling  into  any  fenfible  error. 
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A  table  of  the  heights  of  quickfilver ,  which  tnufi 
be  added  or  taken  from  that  of  the fimple  ba¬ 
rometer, ,  according  to  the  different  degrees  of 
heat  indicated  by  my  thermometer . 

Degrees  of  the  thermometer.  Heights  to  be  corrected. 

49  inches  o  lines - add  12  32dsofaIine. 

1  -  1 1 

2  - 10 

3  - 


49 

49 

49 

49 

49 

49 

49 

49 

49 
49- 

49- 

50 

5°' 

50 

5°- 

50 ■ 

50 

50- 
50- 
50- 
50- 

50 

50- 
5l" 
5l~ 
51" 

51- 
5i- 
5i- 
5i- 


4- 

5- 

6- 

7- 

8- 


9- 

10- 

1 1- 
o- 

1- 

2- 

3- 

4- 

5- 

6- 

7“ 

8- 


-10- 
-1 1- 
-  O' 


I- 

2' 

3“ 

4- 

5- 

6- 


— 


take  away 


— 


— 


— 


— 


8  or  -  of  a  line. 

7 

6 

5 

4 

3 

2 

i 

o 

1 

2 

3 

4 

5 

6 


-.8  or  £  of  a  line. 

9 

10 

1 1 

# 

12 

13 

14 

15 

16  or  i  a  line. 


J7 

18 


De- 
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Degrees  of  the  thermometer.  Heights  to  be  corrected, 
flinches.  7  lines  —  takeaway  i932dsof  a  line. 


5i- 

51- 
51*- 
5l~ 
5  2- 

52- 
52- 

52- 

52- 

52- 

52“ 

52“ 

52" 

52- 

52- 
52“ 

53- 

53- 

53“ 

53- 

53“ 

53“ 

53- 

53- 

53" 

53- 

53- 
53" 
54“ 
54" 

54- 
54“ 
54- 
54- 
54* 
54' 


8 

■  9 

10 

1 

1 1 

■  o 


■  3 

•  4 

•  5 

■  6 

■  7 
.  8 

•  9 

10 

1 1 

■  o 

■  1 

-  2 

•  3 

•  4 

■  5 

-  6 

■  7 
-  8 

-  9 
-10 

-i  1 

-  o 

■  i 

-  2 

-  3 

-  4 

■  5 
.  6 

-  7 


20 

21 

22 

23 

24  or  ^  of  aline 

25 

26 

27 

28 

29 

30 

3* 

32  or  1  line. 

33 

34 

35 

36 

37 
33 

39  - 

40  or  i  line 

41 

42 
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Degrees  of  the  thermometer.  Heights  to  be  carre&ed. 
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IV.  T'he  hijiory  of  the  Formica-leo,  by  M 
Poupart  tranjlated  by  Mr.  Chambers. 

The  formica-leo  *f*  is  an  infect  which  refem- 
bles  the  fpider,  both  in  its  difpofition,  the  figure, 
and  foftnefs  of  its  body,  and  its  manner  of  (pin¬ 
ning  *,  it  alfo  bears  fome  relation  to  the  palmer, 
or  millepes ,  and  at  firft  fight,  one  would  even 
miftake  it  for  that  animal  ;  his  of  a  dirty  brown- 
i(h  colour,  and  befet  with  black  fpecks,  which 
when  viewed  thro*  a  magnifier,  appear  like  fo 
many  prickles  or  quills  of  a  porcupine.  Its  body 
is  inverted  with  annuli ,  which  render  it  all  wrink¬ 
led  •,  it  has  6  feet,  4  of  them  fattened  to  its  tho¬ 
rax,  and  2  to  a  long  projedture,  which  may  be 
taken  for  its  neck  ,  its  head  is  very  fmall  and 

f  Plate  IV.  Fig.  2  and  3. 

Y  -  flat. 


*  Aiig.  30,  1704. 

Vol.  II.  N°  17. 
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flat,  its  2  horns  hard  and  hollow,  about  2  lines 
long,  and  fomewhat  thicker  than  a  hair,  being 
hooked  at  the  end  like  a  cat’s  daws ;  by  the  mi- 
crofcope  they  appear  much  like  the  horns  of  a 
large  beetle,  called  the  furviu  bolens  *  ;  at  the 
bale  or  bottom  of  each  is  a  little  black  eye, 
which  is  very  fhurp  fighted,  as  appears  from  the 
animal’s  taking  the  alarm,  and  flying  at  the  leaft 
appearance  of  an  objedt. 

It  is  called  the  formica-leo ,  q.  d.  ant-lion,  from 
its  living  chiefly  upon  ants,  which  have  the  for¬ 
tune  to  fall  into  its  ambufcade  ;  -  tho’  this  fhould 
hardly  intitle  it  to  the  denomination  of  a  lion  •,  its 
artirice  is  rather  that  of  a  fox,  and  it  would  be 
more  proper  to  call  it  formiea-vulpes .  The 
creature  is  obliged  to  be  very  grave  and  wary, 
as  having  nothing  to  live  on  but  a  few  infedts, 
which  fall  into  its  clutches,  but  efpecially  ants, 
for  all  the  little  animals  with  wings  efcape  its  at¬ 
tempts,  and  moft  of  the  reft  are  either  too  big 
or  too  hard  fkinned  to  be  penetrated  and  faftened 
with  its  horns. 

Its  way  of  catching  infedls  is  as  follov/s,  it 
ufually  encamps  under  the  foot  of  an  old  wall,  to 
be  fheltered  from  the  rain,  and  the  place  that  it 
pitches  on  muft  be  a  fine  dry  land,  that  it  may  be 
able  to  make  a  pit  or  trench  therein,  of  the  form 
of  a  tunnel. 

To  dig  only  a  fmall  pit,  it  bends  its  hind-part, 
which  terminates  in  a  point  downwards,  and  with 
this,  as  a  plough- fhare,  opens  the  ground,  walk¬ 
ing  backwards*,  and  by  little  jirks,  when  arrived 
at  a  certain  depth,  it  throws  up  the  land  a  great 
height  with  its  head,  and  its  ditch  is  finifhed  ; 
but  to  make  a  deep  ditch,  it  firft  draws  a  large 

*  So  it  is  written  in  Mr.  Chambers’;  manufcript,  it  Jhould 
^cervus  volans,  or  flying  flag. 

circle, 


Royal  Academy  ^Sciences.  163 

circle,  which  is  to  be  the  top  of  the  tunnel  *  ; 
then  it  digs  under  the  fand,  at  each  ftep  it  makes, 
jwhich  is  always  backwards  •,  in  its  defcent,  it  de- 
fcribes  a  fpiral  line,  which  at  length  terminates  in 
the  point  or  tip  of  the  tunnel  or  hollow  cone. 

■f  Its  head  is  very  fit  to  heave  off*  the  fand, 
jas  being  flat  and  its  neck  very  long,  when  not 
drawn  in,  by  which  means  it  is  enabled  to  give 
violent  tofles  *,  and  accordingly  I  have  feen  it  throw 
!the  animalcula  it  has  fucked,  to  the  diftance  of  \ 
a  foot  from  its  den. 

The  pit  being  finilhed,  the  animal  places  itfelf 
afide  of  its  bottom,  fhewing  nothing  but  its  two 
horns,  which  protend  into  the  tip  or  bottom  of 
the  pit *,  lying  thus  perdue,  if  an  ant  or  other 
like  infedt  happen  to  pafs  by  the  edge  of  the 
pit,  it  neceflarily  tumbles  fome  of  the  loofe  fand 
into  the  bottom,  which  is  a  fignal  to  the  formica - 
leo  that  there  is  prey  at  hand  *  upon  this  it  falls  a 
throwing  up  fand  with  its  head  upon  the  poor 
ant,  in  order  to  bring  him  tumbling  down  into 
the  bottom  of  the  cave  between  his  horns,  for 
the  creature  never  runs  after  its  game  *,  and  if  it 
happen  that  the  ant  do  not  fall  plum  between  his 
horns  at  firft,  but  that  perceiving  the  fnare  laid 
for  her,  fhe  begins  to  clamber  out  of  the  pit,  the 
mobility  of  the  fand  fometimes  lets  her  drop  a- 
gain  ;  or  if  this  fail,  the,  formica- leo  being  fill 
upon  the  watch,  throws  up  new  fand  to  bring 
her  down  a  fecond  time  ;  and  if  fhe  now  fall  be¬ 
tween  his  horns,  he  gripes  her  faff,  plunging 
them  deep  into  her  body,  and  proceeds  to  fuck 
her  fo  long  as  any  moifture  remains  *,  this  done, 
the  carcafe  is  thrown  out,  and  if  any  damage  had 
been  done  to  the  pit,  the  animal  makes  it  up 
again  for  a  fecond  chafe. 

*  Fig-  S'  +  Fig.  4. 

Y  2 
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The  'formica-leo  would  rather  die  of  hunger, 
than  go  feek  its  living  like  other  infebts,  nor 
is  it  out  of  lazinefs  as  might  be  fuppofed,  that 
it  plays  this  fox’s  game,  for  it  has  no  other,  be¬ 
ing  unable  to  walk  except  backwards,  and  by  lit¬ 
tle  jirks.  It  lies  night  and  day  upon  the  fcout 
under  the  fand  at  the  bottom  of  its  den,  for  that 
being  unable  to  go  out  in  quell  of  its  game,  it 
can  only  wait  till  chance  brings  it  home  to  it, 
which  happens  very  feldom,  fo  that  it  is  obliged 
to  fupply  with  perfeverance,  what  nature  has  de¬ 
nied  it  by  agility. 

Indeed  the  reafons  I  am  going  to  produce,  feem 
to  make  all  thefe  dratagems  of  little  effebt  to  the 
fubfidence  of  the  animal,  which  one  would  ima¬ 
gine  only  caught  infebts  out  of  diverfion  and 
wantonnefs,  like  the  fportfman  who  only  goes  to 
the  chace  for  the  pleafure  of  purfuing  for. 

Firft,  he  only  gripes  the  infebts  with  the  ex¬ 
tremity  of  his  horns,  which  do  not  feem  to  be 
perforated  at  the  end,  fo  that  ’tis  hard  to  con¬ 
ceive  how  he  fliould  fuck  their  juices  by  that  part. 

Secondly,  upon  viewing  him  with  a  magni- 
nifier,  there  is  no  fign  of  his  thruding  out  a 
probofcis  to  fuck  the  little  animals  he  catches, 
as  other  infebts  do  •,  and  there  is  always  a  con- 
fiderable  didance  between  his  head  and  the  un¬ 
happy  animal,  which  never  comes  nearer  him 
han  the  points  of  his  horns. 

Thirdly,  feveral  for  mica-led*  s  have  been  fhut 
up  in  a  clofe  box  for  the  (pace  of  fix  months, 
yet  have  lived  as  well  as  others  which  were  fup- 
plied  with  flies,  and  even  made  their  pits,  and 
overwent  all  the  natural  changes  hereafter  men¬ 
tioned,  which  feems  to  intimate  that  the  formica - 
leo  may  live  without  food. 


But 
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But  if  it  be  confidered,  that  its  horns  grow 
again  after  they  have  been  cut  *,  that  it  dwindles 
and  grows  lels  when  it  has  no  food  ;  that  after 
catching  a  fingle  infedl  it  appears  vifibly  bigger 
than  before  *,  and  that  by  fucking  a  fly  two  or 
three  hours,  it  renders  it  fo  dry  and  friable, 
that  it  may  be  crumbled  into  powder  between 
the  fingers.  It  muft  be  allowed,  that  altho’  the 
animal  may  live  without  our  perceiving  how,  or 
by  what  part,  it  takes  in  its  food  ;  yet  food  it 
does  take. 

I  am  perfuaded,  therefore,  that  its  horns  are  to 
be  conceived  as  two  fyringes,  wherewith  it  pumps 
the  juice  of  animals ;  in  effedt,  viewing  them 
with  a  microfcope,  which  magnifies  a  great  deal, 
I  obferved  at  tranfparent,  membranous  body,  run¬ 
ning  the  whole  length  of  the  cavity  of  the  horn, 
which  may  well  enough  ferve  for  the  pifton, 
or  fucker  of  the  fyringe. 

The  formica-leo  being  arrived  at  a  certain  age, 
and  preparing  for  a  renovation,  in  order  to  ap¬ 
pear  under  a  new  form,  it  ceafes  to  make  any 
more  pits,  but  continues  to  plough  the  fand, 
which  is  found  all  furrowed  over  with  irregu¬ 
lar  tracks. 

*  After  ploughing  a  long  time,  it  neftles  under 
the  fand,  where:  it  makes  a  hollow  ball,  andfliuts 
itfelf  therein  while  it  changes  its  figure  ;  this  ball 
confifts  of  filk,  which  it  fpins  from  its  hind- 
part,  much  as  fpiders  do  of  a  gluten  or  vifcid 
matter,  iffuing  from  all  parts  of  its  body,  and 
of  a  fand  which  it  finds  in  the  place. 

To  make  the  ball,  it  turns  flowly  around  as  on 
a  centre,  vibrating  its  hind-part  to  the  right  and 
left,  and  making  it  touch  the  find,  that  the 
filk  may  flick  thereto,  either  by  its  catching 
*  Fig-  6. 
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on  the  inequalities  of  the  grains  of  fand,  or'  ad¬ 
hering  to  the  glutinous  matter  it  may  be  fmeared 
with  \  but  however  this  be,  the  fands  flick  fo 
clofe  to  the  filk,  that  ’cis  difficult  feparating 
them,  even  though  they  be  vigoroufly  fhaken 
while  the  work  is  yet  foft. 

Th  is  filk  is  incomparably  finer  than  the  com¬ 
mon  filk,  being  fcarce  perceivable  without  the 
help  of  a  microfcope ;  to  obferve  it  well,  you 
muft  take  it  up  ere  the  work  be  quite  finifhed, 
in  which  cafe  it  will  be  found  foft  and  cottony, 
as  not  being  yet  hardened  by  the  gluten,  which 
oozes  at  a  very  flow  rate  from  the  pores  of 
the  animal.  Upon  taking  up  this  filk  with  the 
point  of  a  needle,  one  fees  a  fpace  between 
the  grains  of  land,  but  without  feeing  the  filk 
that  connects  them,  unlefs  a  magnifier  be  ap¬ 
plied. 

5Tis  impofiible,  without  a  flratagem,  to  lee 
how  thefe  little  animals  fpin  their  filk,  and  builds 
their  cells,  by  reafon  they  always  work  under  the 
find.  In  order  to  this,  their  work  is  to  be  taken 
up  once,  and  again  ere  it  be  finifhed  ;  upon  which 
they  begin  again,  till  at  length  they  are  grown  fo 
feeble,  that  being  no  longer  able  to  hide  them 
felves  under  the  land  as  ufual,  they  begin  (lowly 
to  fpin  their  filk  on  the  furface  thereof,  after  the 
manner  above-mentioned. 

The  formica  leo  having  wrought  a  long  time, 
finds  itfe-lf  in  the  middle  of  a  large  folt  ball, 
which  hitherto  only  confifts  of  filk  and  fand  in¬ 
termixed  ;  but  it  hardens  by  little  and  little,  in 
proportion  as  it  imbibes  the  vilcous  matter  oozing 
from  the  body  of  the  animal,  which  penetrates 
the  cell  on  all  fides. 

What  chiefly  convinced  me  of  a  vifeid  moif- 
ture  tranfuding  from  the  body  of  this  animal  is, 

that 
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that  there  were  feveral  grains  of  land  flicking  on 
the  neck  of  one  of  my  formica  leo9sy  and  forming 
a  little  kind  of  rock  thereon  ;  while  this  clog  was 
on  its  neck,  it  ceafed  working  at  its  pit,  as  being 
obftrufted  in  the  motion  of  its  head  ;  but  upon 
breaking  it  with  nippers,  the  animal  immediately 
went  to  work. 

When  th t  formica  leo  is  inclofed  in  its  cell,  it 
lines  the  infide  thereof  with  new  pure  filk,  un¬ 
mixed  with  land,  forming  a  clofe  kind  of  pearl 
coloured  web,  wherein  the  animal  lies  at  eafe, 
with  its  head  between  its  legs.  At  firll  fight,  one 
would  take  this  web  for  a  dry  gluten ,  leparated 
from  the  body  of  the  animal ;  but  if  this  were  fo, 
it  would  break  with  bending  and  folding,  which 
it  does  not  *,  add,  that  this  lining  is  a  continua¬ 
tion  of  the  cell,  or  at  lead  is  faflened  fo  clofe 
thereto,  that  there  is  no  parting  them  without 
deflroying  the  ball.  Steeping  fome  of  this  filk  fe¬ 
veral  days  in  water,  I  found  it  did  not  diffolve  as 
a  gluten  would  have  done  ;  tho’  it  loft  its  fine  co¬ 
lour  ;  an  argument  that  the  little  gluten ,  which 
was  mixed  with  the  filk,  and  perhaps  gave  it 
its  colour,  had  dilfolved,  and  left  the  filk  alone. 
This  filk  is  much  like  that  which  certain  fpiders 
hang  on  the  leaves  of  trees,  to  ierve  them  as  a 
lodge  or  nidus  y  to  lay  their  eggs  in,  but  is  thicker 
than  fuch  fpider  filk. 

That  the  formic  a-leo  does  not  begin  to  line  in 
the  infide  of  its  cell,  till  after  it  is  finifhed,  ap¬ 
pears  hence,  that  opening  it  before  it  be  hardened, 
we  find  none  of  the  lining  above-mentioned. 

My  formica  leo9s  remained  6  weeks  or  2  months, 
in  their  cells,  before  they  changed  into  maggots, 
tho*  this  time  of  their  continuance  is  by  no  means 
regular  and  certain  ;  they  were  difpofed  with  the 
head  between  the  legs,  for  the  fake  of  roundnefs, 

and 
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and  that  they  might  take  up  the  lefs  room,  and 
accommodate  themfelves  to  the  concave  figure  of 
the  ball  as  much  as  pofiible. 

When  the  time  was  come  for  changing  their 
figure,  they  began  to  put  off  their  firft  fkin,  to 
which  the  horns,  eyes,  and  hair  were  faftened. 
This  fkin  was  now  like  a  fhriveled  clue,  whitifh 
on  the  infide,  having  an  aperture  all  along  the 
belly,  at  which  the  infeft  hereafter-mentioned 
had  i filled. 

The  formica-leo  having  quitted  its  fkin,  appears 
under  the  form  of  a  maggot'",  with  4  membranous 
wings,  6  feet,  2  large  horns  or  hollow,  foft  an - 
tenure ,  2  black  eyes,  and  2  pinchers  in  form  of 
faws,  which  ferve  it  for  teeth  •,  the  whole  being 
about  a  quarter  of  an  inch  long.  This  maggot 
remains  lbmetimes  in  its  retirement  e’re  it  comes 
forth  in  a  new  form,  tho*  the  precife  time  is  not 
fo  eafy  to  determine,  by  reafon  the  formica-leo  it 
fprings  from  lies  hid  before  the  metamorphofis. 

When  the  maggot  is  difpofed  to  quit  its  cell* 
it  eats  a  little  roundifh  hole  therein,  which  how¬ 
ever  does  not  appear  round,  by  reafon  the  piece 
ufually  remains  fafl  on  one  fide  f,  which  renders 
the  pafilge  fo  narrow,  that  half  the  maggot  re¬ 
mains  in  the  cell,  and  the  other  half  out.  In  this 
fiate,  the  maggot  is  no  living  thing,  being  only 
a  tranfparent  membranous  cafe,  with  horns  or  an- 
tennx,  eyes,  teeth,  wings,  feet,  &c.  which  are 
the  cafes  of  the  like  parts  of  a  beautiful  fly,  called 
a  maid  f,  which  fifties  hence  by  a  cleft  made  on  its 
back  near  the  head. 

*  Fig.  7,  8,  and  9.  f  Fig.  10. 

J  So  Mr.  Chambers  tranflates  it :  the  original  is  demoifdh  ; 
'jt  is  an  infeft,  called,  in  Evglijb,  adder  -bolt,  or  diagonfj  \ 
{ee  Vol.  I.  pag.  94  cf  this  abridgment. 
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This  fly  is  15  or  1 6  lines  long  ;  its  wings  at 
firft  are  only  2  lines,  by  reafon  having  been  let  in 
cafes  or  frames  of  that  length,  they  have  aflumed 
the  figure  and  fize  thereof ;  but  we  find  them 
folded  in  2  plaits,  which,  in  two  minutes  time, 
open  and  ftretch  out,  and  thus  grow  longer  than 
the  body  ;  after  quitting  its  cafe  the  maid  remains 
fometime  on  its  feet  motionlefs,  to  let  its  wings 
dry,  that  it  may  take  its  flight  j|,  and  enjoy  a 
happier  ftate  of  life  than  that  it  led  under  the 
fkin  of  the  poor  formica-leo. 

While  the  maid  is  inclofed  in  its  maggot,  it 
cannot  attain  to  above  3  lines  long,  by  reafon 
the  maggot  itfelf  is  no  bigger  ;  but  it  is  no  fooner 
at  liberty,  than  it  lengthens  and  extends  to  up¬ 
wards  of  1 5  lines.  This  fudden  expanfion  arifes 
hence,  that  the  maid,  while  in  its  cafe  is  folded 
and  contracted  like  a  cat-cawl,  when  fqueezed  at 
the  two  ends;  but  after  its  delivery  hence,  it  reco¬ 
vers  all  its  magnitude  like  a  fponge,  which  hav¬ 
ing  been  crowded  between  the  fingers,  relumes  its 
dimenfions  when  let  go  again. 

In  the  year  1703,  the  formica-leos  I  had  ob- 
ferved  did  not  change  into  maids ,  it  being  the  year 
following  ere  that  metamorphofis  took  place :  an 
indication  that  thefe  animals  do  not  change  in  the 
firft  year,  and  that  they  muft  be  to  a  certain  age 
ere  they  be  fit  for  transformation. 

When  the  maid  is  gone,  opening  the  cell  the 
jormica-leo  had  lain  in,  we  find  it  lined  as  above- 
mentioned,  with  a  g  lofty  pearl  coloured  latten, 
the  fhriveled  fkin  or  exuvia  of  the  formica-leo , 
is  always  found  therein,  together  with  the  mem¬ 
branous  cafe  which  immediately  inclofed  the 
maid  \  but  what  is  more  extraordinary,  we 

||  Fig.  n. 
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fometimes  find  an  egg  *,  which  the  maid  depo- 
fits  there,  before  it  goes.  The  egg  is  2  lines  long, 

1  thick,  and  bears  fome  refemblance  to  a  (lender 
acorn  ;  its  fhell  is  hard,  and  in  all  refpeCts  like 
that  of  a  hen’s  egg.  The  fubflance  contained  in 
it  is  not  fluid,  and  I  have  obfervcd  the  eggs  to 
be  of  different  colours  at  different  times ;  one  of 
them  being  expofed  fome  days  to  a  hot  fun,  the 
matter  within  it  grew  hard  and  black  as  ink. 

Thefe  young  maids  feem  only  to  lay  one  egg, 
for  we  found  but  one  a-piec$  in  the  bodies  of  fe- 
veral  which  had  been  opened,  only  one  in  a  cell 
which  another  had  relinquifhed,  and  another 
maid  rifing  to  the  top  of  the  box,  it  was  kept  in, 
fome  hours  after  dropped  another  •,  and  yet  ’tis 
fcarce  probable,  that  each  maid  fhould  only  lay  a 
Tingle  egg,  by  reafon  there  will  always  be  fome 
which  are  not  prolifick,  and  others  of  them  muff 
produce  males,  from  whence  it  is  eafy  to  infer, 
that  the  fpecies  by  degrees  muff  have  totally 
ceafed.  The  precipitancy  wherewith  thefe  maids 
lay  their  eggs  are  a  proof,  that  they  do  not  al¬ 
ways  wait  for  the  embraces  of  the  male  ere  they 
bring  them  forth  ;  and  it  may  be  owing  to  the 
fcarcenefs  of  fuch  coupling,  that  the  formica-leos , 
and  the  little  maids  arifing  from  them,  are  fo 
rare. 

The  little  ball  the  formica  Ico  is  lodged  in,  is 
abfolutely  neceffary  for  the  production  of  the 
maid\  for  breaking  fome  of  them,  and  turning 
out  the  formica  Icos  naked  upon  the  fand,  they 
were  ready  for  transformation.  They  did  indeed 
put  off  their  fkin  •,  but  the  maids  could  not  get 
forth  from  the  maggots  they  were  inclofed  in, 
tho’  they  lived  a  long  time  after,  and  made  feve- 
ral  attempts  to  get  forth.  One  of  the  chief  ufes 

*  Fig.  12. 
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of  this  ball  is,  that  by  means  hereof  the  maid  flips 
off  the  maggot  it  is  invefted  with,  in  fqueezing, 
with  fome  difficulty,  through  the  little  hole  the 
fame  maggot  had  made  with  its  teeth. 

It  mult  be  obferved,  that  the  feveral  kinds  of 
maids  frifking  in  the  fummer-time  about  rivers, 
buffies,  &c.  do  not  all  arife  from  this  little  ani¬ 
mal  ;  fuch  as  do,  have  two  antenna^  which  are 
very  (lender  towards  the  head,  and  grow  bigger 
and  bigger  to  the  end.  They  have  two  large  eyes 
Gn  the  tides  of  their  head,  and  none  atop  of  it, 
as  the  other  maids  have.  Their  belly  is  not  fur¬ 
rowed  length  wife,  as  is  found  in  the  reft ;  and  the 
tip  of  their  tail  is  befet  with  hairs.  Their  wings 
are  of  an  afh  colour,  (potted  with  black,  without 
any  vivid  colours  variegating  them  :  fo  that  ’tis 
probable  thofe  beautiful  flies,  which  the  variety 
of  their  colours  has  occafioned  to  be  denominated 
maids ,  with  all  the  feveral  fpecies  thereof,  are  of  - 
another  origin. 

There  are  two  other  beautiful  fpecies  of  large 
maids ,  whofe  origin  is  certainly  very  different 
from  thofe  above-mentioned:  they  arife  from  two 
water  animals,  which  have  no  refemblance  to  the 
formic  a-leo . 

We  ffiall  take  occafion  hereafter  to  fhew,  that 
the  animals  they  arife  from  are  real  flffies  ; 
for  we  have  obferved  their  gills ;  and  (hall  here, 
by  the  way,  prefent  the  figures  thereof*,  as  well 
as  of  the  animals  themfelves  "f . 

Explanation  of  the  figures,  tr (inflated  by  J.  M. 

Plate  IV.  Fig.  2.  This  figure  reprefents  the 
formica-lco ,  drawn  three  times  as  big  as  the  lite, 
to  fhow  how  he  is  br  iff  led  with  prickles. 

3.  The  under  part  of  the  formica-leo. 

*  Fig.  i  c  and  16.  t  Fig.  13,  14,  and  17. 
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4.  The  head  and  neck  of  the  formica-leo  fepa- 
rated  from  the  bread,  and  drawn  much  larger 
than  the  life,  that  the  fmalleft  parts  may  be  di- 
ftin&ly  feen. 

5.  The  pit  which  th z  formica-leo  has  made  for 
infedts  to  fall  into.  He  is  hid  at  the  bottom, 
where  he  lets  nothin*!  but  his  horns  be  feen,  which 
he  keeps  divided,  that  he  may  be  quite  ready  to 
feize  the  little  animals. 

6.  The  lodge  in  which  th q  formica-leo  is  fhut 
up,  in  order  to  change  its  form. 

7.  The  little  worm  which  appear*  after  the 
formica-leo  has  quitted  its  fkin,  in  which  the  de- 
moifelle ,  or  adder-bolt  (\\)  is  inclofed. 

8.  This  figure  reprefents  the  little  worm  (7 ) 
drawn  much  larger  than  the  life,  that  its  eyes, 
feet,  and  wings  may  be  diftindtly  feen,  which  are 
fheaths  or  cafes,  in  which  the  fame  parts  of  the 
demoifelle  are  contained. 

9.  This  odd  figure,  which  is  drawn  much 
larger  than  the  life,  is  the  little  worm  which  was 
reprefented  in  the  figures  7  and  8,  in  its  fituation 
in  the  lodge.  Its  back  is  bent,  that  it  may  fuit 
the  figure  of  his  lodge,  and  take  up  lefs  room. 

10.  The  ball,  or  lodge,  of  the  formica-leo , 
with  the  worm  marked  7,  part  of  which  is  within 
and  part  without  *,  from  whence  the  demoifelle  ( 1 1) 
is  come  out  through  a  crevice  made  on  the  back 
of  the  wrnrm. 

1 1.  This  figure  reprefents  the  demoifelle ,  when 
fhe  is  come  out  of  the  worm  7,  8,  or  9. 

12.  The  eggs  which  the  demoifelles  lay  almoft 
as  foon  as  they  are  come  out  of  their  little  lodges, 
or  balls. 

13.  An  aquatic  animal,  from  whence  proceeds 

a  great  kind,  of  demoifelle ,  different  from  that 
which  comes  from  the  formica-leo.  This  little 
animal  is  a  real  fifh.  14. 
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14.  The  underpart  of  the  aquatic  animal  repre- 
fented  in  fig.  13. 

15.  A  fort  of  mask,  which  covers  the  head  of 
the  aquatic  animal  marked  13,  which  are  the  gills 
feen  outwardly. 

1 6.  A  mask  which  covers  the  fore  part  of  the 
head  of  the  aquatic  animal  marked  13,  which  is 
its  gills  feen  inwardly. 

17.  Another  aquatic  animal,  a  little  differing 
from  the  preceding,  from  which  comes  out  a 
great  kind  of  demoijelle ,  variegated  with  fine  co¬ 
lours. 

V.  A  difcourfe  on  the  barometer ,  by  M.  A- 

montons  *. 

Among  the  phyfical  difcoveries  of  the  lafl  age, 
that  ol  the  barometer,  or  of  the  manner  of  mea¬ 
ning  the  weight  of  the  atmofphere,  may  well 

hold  the  firfl  place. 

’v.rneis  and  evidence  with  which  we  now 
ex'p;  ,  7  effedls  of  nature,  where  we  only 

law  of: unity  and  uncertainty  before  this  difco- 
v.  ry,  are  convincing  proofs  of  it.  Hardly  any 
body  is  ignorant  that  the  effedts,  which  were  for¬ 
merly  attributed  to  the  abhorrence  of  a  vacuum , 
had  caufes  which  were  wholly  unknown  to  thofe 
very  perfons,  who  were  mofl  fond  of  ufing  this 
expreffion. 

Thus,  what  is  very  obfcure  and  impenetrable  at 
one  time,  becomes  the  utmoft  evidence  in  another. 

But  altho’  it  be  true,  that  fince  this  difcovery, 
we  have  cleared  upon  this  fubjedt  an  infinity  of 
very  difficult  things,  with  all  the  clearnefs  that 
can  be  wifhed  ;  we  cannot  however  doubt,  but 
that  there  yet  remains  a  great  number,  and  that 
thefe  lafl  are  much  more  fo,  as  they  are  lefs  ap- 
*  Nov.  12,  1704. 
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parent,  and  that  they  do  not  prefect  themfelves 
at  firft  to  the  mind,  as  the  former  did. 

In  the  novelty  of  the  barometer,  the  furprizing 
effects  of  the  weight  of  the  air  alone,  have  drawn 
all  the  attention  of  thofe  who  faw  them,  we  ful- 
fered  ourfelves  willingly  to  be  prepofTeiTed,  that 
it  was  the  foie  caufe  of  the  motion  of  the  quick- 
filver ;  and  if  we  refle6ted,  that  there  is  nothing 
upon  which  heat  does  not  adt,  we  thought  that  in 
this  cafe  it  was  fo  little,  that  it  was  not  worth  re- 
garding.  We  eafily  paff.-d  over  a  reafoning 
which  had  nothing  new,  to  admire  a  fyftem,  of 
which  the  novelty  agreeably  furprizcd  us  by  its 
happy  fuccefs ;  and  we  had,  if  I  may  fo  fay,  eyes 
only  to  confider  a  multitude  of  experiments,  all 
of  them  curious,  which  prefented  and  explained 
themfelves,  as  of  their  own  accord,  without  there 
being  need  to  determine  any  thing  exactly. 

In  effeft,  it  fignified  little  to  give  the  reafon, 
for  example,  of  pumps,  fiphons,  and  almoft  all 
the  other  experiments  of  the  gravity  of  the  air, 
to  know  that  the  weight  of  the  quickfilver  was  not 
the  fame  in  fummer,  as  in  winter.  It  was  fuffi- 
cient,  that  we  were  allured  that  it  was  not  lb  con¬ 
siderable  a  quantity  as  to  hinder  the  determining 
in  general  the  elevation  of  the  quickfilver  in  the 
tubes  to  about  28  inches,  and  that  of  water  to  32 
feet. 

But,  in  fine,  thefe  apparent  and  palpable  ef¬ 
fects  of  the  weight  of  the  atmofphere  being  now 
Sufficiently  explained  in  a  general  manner,  it  re¬ 
mains  for  us  to  do  it  in  a  more  particular  and  ex- 
adl  manner,  and  to  carry  our  attention  to  others, 
which  by  being  more  concealed  are  not  lei's  11  fe- 
ful. 

The  only  thing  here,  that  could  trouble  us,  is, 
that  the  barometer  proper  for  explaining  in  gene¬ 
ral 
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ral  the  effect  of  pumps  and  fiphons,  becomes 
faulty  and  bad  when  it  is  ufed,  for  example,  to 
meaiure  the  viciffitude  of  the  weight  of  the  atmo- 
fphere,  to  determine  the  height  of  it,  and  to  le¬ 
vel  many  points  of  the  furface  of  the  earth.  In 
the  obfervation  of  the  greater  or  lefs  gravity  of 
the  atmofphere,  we  may  find  a  difference  of  above 
3  lines  irf  the  height  of  the  quickfilver,  tho*  in 
reality  the  weight  of  the  atmofphere  has  not 
changed  ;  which  proceeds  from  the  effect  which 
the  heat  produces  upon  the  quickfilver  of  the  ba¬ 
rometer,  experience  having  taught  us,  that  a  co¬ 
lumn  of  quickfilver  of  28  inches,  9  lines  in  win¬ 
ter,  and  one  of  29  inches  in  fummer,  are  of  the 
fame  weight ;  fo  that  the  fimple  barometer  being 
carried  in  the  coldefb  time  of  our  climate,  from  a 
place  above  the  furface  of  the  earth,  into  another 
made  hollow  beneath  it,  may  give  1  line  \  dif¬ 
ference  in  the  height  of  the  quickfilver,  which  we 
have  falfiy  attributed  to  the  weight  of  the  co¬ 
lumn  of  air  which  was  between  thefe  two  places  ; 
and  if  we  had  a  mind  to  determine  by  this  expe¬ 
riment  the  height  of  the  atmofphere,  or  the  dif¬ 
ference  of  the  level  of  two  places  of  the  earth, 
we  fhould  run  great  rifque.  of  doing  both  very 
badly. 

The  barometers  are  either  fimple, that  is,  charged 
only  with  quickfilver  *,  or  double,  that  is,  befides 
quickfilver  a  2d  liquor  is  alfo  ufed,  which  is  com¬ 
monly  oil  of  tartar  coloured.  As  for  the  fimple 
barometers,  the  extent  of  their  motion  is  very 
moderate,  hardly  exceeding  23  or  24  lines,  and 
there  is  no  other  way  to  avoid  errors  in  thefe, 
than  to  prepare  a  table  of  correction,  which  (hews 
the  proportional  quantities  by  which  the  heat 
lengthens  the  column  of  quickfilver,  from  win¬ 
ter  to  fummer,  and  that  confequently  it  is  con¬ 
venient 
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venient  to  retrench  from  the  heights  indicated  by 
the  barometer,  at  the  time  of  the  obiervation. 
For  example,  my  thermometers,  that  is,  thofe 
which  are  defcribed  at  the  end  of  the  connoijfance 
des  Terns  de  1704,  and  in  the  memoirs  of  1702 
and  1703;  thefe  thermometers,  I  fay,  marking 
58  inches,  which  is  the  time  of  our  greateft  heats, 
there  are  3  lines  to  be  retrenched  from  the  height 
of  the  quickfilver  of  the  fimple  barometer  •,  2 
lines  when  thefe  thermometers  mark  55  inches  4 
lines*,  only  1  line  when  they  mark  but  52  inches 
8  lines  *,  and  o,  or  nothing,  when  they  mark  but 
50  inches  *,  and  fo  of  the  other  corrections  to  be 
made  for  all  the  other  degrees  of  heat  between 
thefe,  which  we  fhall  find  by  preparing  an  exaCt 
table  upon  this  foundation. 

But  as  to  the  double  barometers,  whofe  mo¬ 
tions  are  much  more  confiderable,  and  upon  which 
the  heat  produces  different  effeCts,  the  combina¬ 
tion  of  which  is  the  caufe  that  we  cannot  eafily 
make  the  corrections  by  a  table ;  befides  that  the 
perfons,  who  make  ufe  of  thefe  barometers,  are 
for  the  mod  part  but  little  accuftomed  to  thefe 
fort  of  corrections  *,  this  is  the  way  that  1  have 
ufed,  that  theie  corrections  might  be  made  as  it 
were  of  themfelves,  and  without  a  table. 

Thefe  barometers  are  compofed  of  two  glafs 
boxes  *  A  B,  which  have  a  communication  with 
one  another  by  a  bent  tube  A  C  B. 

The  box  A  terminates  in  a  point  which  is 
hermetically  fealed.  The  upper  half  of  this  box 
is  emptied  of  grofs  air,  the  other  half,  the  tube 
AC  B,  and  the  lower  half  of  the  box  B,  contains 
quickfilver.  This  ball  B  terminates  in  a  very 
(lender  tube  B  D,  open  at  D.  The  upper  half 
of  the  box  B,  and  part  of  the  tube  B  D,  con- 
*  Plate  IV.  Fig.  19. 
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tain  a  liquor  which  riles  and  falls  in  the  tube, 
according  as  the  atmofphere  is  more  or  lefs  light, 
the  quick filver  A  C  counter- balancing  and  mak¬ 
ing  always  equilibrium  with  the  quickfilver  CB, 
the  liquor  B  D  and  the  atmofphere. 

All  this  at  prefent  feems  to  be  almoft  univer- 
fally  known,  but  the*  which  feems  not  to  have 
been  yet  obferved  by  any  body,  is,  that,  the 
quickfilver  contained  in  A  B,  becoming  lighter 
in  the  fummer  than  in  the  winter,  the  atmofphere 
repels  toward  the  bottom  the  liquor  contained  in 
the  tube  B  D,  to  3  or  4  inches,  and  makes  us 
falfly  prefume  that  the  atmofphere  is  become  thus 
much  heavier,  tho’  in  reality  its  weight  has  not 
been  at  all  changed. 

Therefore  to  prevent  this  fault,  the  column 
of  quickfilver  A  B  mud  be  lengthened  fuffici- 
ently,  to  replace  the  weight  which  the  heat  makes 
them  lofe,  without  the  liquor  in  the  tube  chang¬ 
ing  its  place.  For  this  purpofe  I  took  a  liquor, 
which  eafily  rarefies  by  the  heat,  as  fpirit  of  wine 
does  *,  I  fu bit i tuted  this  liquor  to  oil  of  tartar, 
which  is  commonly  ufed,  and  which  does  not  rarefy 
near  fo  fenfibly. 

I  increafed  the  capacity  of  the  box  B,  which  com¬ 
monly  contains  this  liquor,  that  it  might  hold  more, 
and  alfo  produce  a  fufficient  rarefaction,  to  make 
the  quickfilver  of  the  box  fall,  and  by  this  means 
lengthen  the  column  of  quickfilver  A  B,  which 
without  that  would  not  lengthen  at  all,  altho5  the 
heat  had  rendered  it  lighter,  becaufe  the  atmo¬ 
fphere  not  prefling  immediately  upon  the  quick¬ 
filver  of  the  box  B,  but  upon  the  liquor  in  the 
tube  D,  it  would  make  this  liquor  fink  and  fup^ 
ply  by  this  means  the  lightnefsof  the  quickfilver  *, 
which,  as  I  have  already  faid,  would  make  us 
falfly  prefume  that  the  atmofphere  is  become  hea- 

VoL.lt.  N°.  17.  A  a  vier 
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vier,  altho*  it  is  not  at  all  changed  •,  whereas  the 
liquor  in  the  box  B,  finding  in  its  rarefaction 
always  the  fame  refiftance  on  the  fide  of  the  at¬ 
mofphere,  fuppofing  that  its  weight  has  not 
changed  at  all  ;  and  finding  lets  from  the  fide 
of  the  quickfilver  rendered  lighter  by  the  heat, 
this  liquor  employs  the  whole  aCtion  of  its  rare¬ 
faction  againft  the  quickfilver,  which  it  repels 
and  replaces  always  in  equilibrio  with  the  at¬ 
mofphere,  without  the  liquor  of  the  tube  D, 
upon  which  the  atmofphere  immediately  aCts, 
being  conft rained  to  change  place,  unlcfs  the  at¬ 
mofphere  changes  its  weight;  and  the  whole  arti¬ 
fice  of  this  confifis  only  in  well  proportioning  the 
capacity  which  contains  the  liquor  to  the  capacity 
of  the  tube  of  the  barometer ;  for  too  fmall  a 
one  would  not  entirely  corrcCf  the  error ;  and  too 
great  a  one,  by  repelling  the  quickfilver  too 
much,  would  make  the  liquor  in  the  rarefac¬ 
tion  find  at  laft  too  much  refiftance  from  the 
quickfilver,  and  be  obliged  to  aCt  on  the  fide  of 
the  atmofphere  *,  which  would  make  us  falfiy 
prefume  that  the  air  was  become  lighter. 

It  remains  for  me  to  oblerve,  that  altho’  by 
this  means  the  error  that  might  happen  by  the 
greater  or  lefs  lightnefs  of  quickfilver  is  corrected 
of  itfelf ;  there  is  alfo  a  fecond  to  be  avoided, 
which  might  be  caufed  by  the  greater  or  lefs  light¬ 
nefs  of  the  liquor. 

This  error  is  truly  not  fo  confiderable  as  the 
fir  ft,  and  might  very  well  be  negleCled  without 
any  great  confequence  ;  but  it  will  be  always 
better  to  have  regard  to  it,  chiefly  in  cafes  where 
exadnefs  is  required  ;  and  this  might  be  done 
by  the  means  of  graduation,  as  I  am  going  to 
lay. 


We 
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We  commonly  divide  this  graduation  into  parts 
equal  among  themfelves,  which  fignify  nothing, . 
and  are  only  to  exprefs  by  their  greater  or  lels 
number,  that  the  liquor  is  more  or  lei's  high,  and 
confequently  that  the  atmofphere  is  more  or  lefs 
light,  but  not  how  much  ;  and  thefe  numbers 
never  exprefs  the  weight  of  the  atmofphere. 

1  have  therefore  judged  it  mod  proper  that 
thefe  parts,  altho’  much  greater,  fhould  reprefent 
the  inches  and  lines  that  the  quickfilver  reaches  in 
the  Ample  barometer,  from  the  lead  to  the  great* 
ed  lightnefs  of  the  atmofphere. 

Thus  I  divide  all  my  graduation,  which  is  a- 
bout  28  inches,  into  24  equal  parts,  which  ex¬ 
prefs  the  24  lines  comprehended  in  the  Ample  ba* 
rometer  between  28  inches  4  lines,  which  is  the 
greated  gravity  that  I  have  known  in  the  atmo* 
fphere,  and  26  inches  4  lines,  which  is  the  lead. 

I  allow  to  this  graduation  about  1 4  lines  in 
breadth  at  the  top,  and  only  a  line  and  ~  or 
thereabouts  at  the  bottom. 

I  divide  each  of  thefe  breadths  into  8  equal 
parts,  and  draw  right  lines  from  the  divifions 
at  the  top  to  thofe  at  bottom,  which  make  8  tra¬ 
peziums  about  28  inches  long. 

Ladly,  I  cut  all  thefe  trapeziums  by  lines  pa¬ 
rallel  to  each  other,  drawn  from  the  24  afcending 
divifions,  after  having  numbered  thefe  24  divi¬ 
fions,  in  defending  from  26  inches  4  lines,  to 
28  inches  4  lines,  I  numbered  the  8  lateral  divi- 
vifions  from  50  to  58. 

Thefe  8  lateral  divifions  reprefent  the  8  inches 
contained  upon  the  graduation  of  my  thermo¬ 
meter,  from  50  to  58,  that  is,  from  the  greated 
cold  to  the  greated  heat  of  our  climate,  and  ferve 

O 

to  make  the  correction  of  the  error,  that  the  great* 
ed  or  lead  lightnefs  of  the  liquor  of  the  baro- 
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meter  might  caufe,  and  that  in  the  following 
manner. 

I  fir  ft  confider  at  what  divifion  my  thermome¬ 
ter  is  *,  1  afterwards  take  upon  my  barometer  over- 
againft  the  place  where  it  is  found,  the  lateral  part 
contained  between  the  firft  afcending  line  of  the 
graduation,  and  the  afcending  line  which  anfwers 
to  the  divifion  that  I  have  oblerved  upon  the 
thermometer. 

Adding  this  part  to  the  'height  of  the  quick- 
filver  that  the  barometer  indicates,  I  have  the  ex- 
adt  weight  of  the  atmofphere. 

Here  would  be  the  place  to  give  the  reafon  of 
the  particular  con  ft  ruction  of  this  barometer,  and 
of  its  graduation  •,  but  as  it  is  deduced  from  a 
detail  which  would  be  tedious,  and  which  I  have 
already  given  *;  thofe  \£ho  would  know  more  of 
it,  may  have  recou rfe  to  it.  I  (hall  content  my- 
felf  with  obferving  that  this  barometer,  befides 
its  great  exadtnefs,  has  alfo  the  advantage  of  be¬ 
ing  almoft  as  fenfible  again  as  the  others,  and  that 
great  caie  muff  be  taken  that  there  does  not  re¬ 
main  any  air  in  the  top  of  the  upper  box  under 
the  quickfilver. 

After  what  I  have  juft  faid  of  the  effedt 
of  the  heat  upon  the  liquors  that  the  double 
barometers  are  filled  with  ;  it  remains  to  ex¬ 
amine  what  its  adtion  may  be  upon  the  glafs 
that  contains  thefe  liquors ;  and  if  there  is  no 
room  to  fear  that  this  may  alter  the  indica¬ 
tion  alfo  of  the  greater  or  lefs  gravity  of  the  at¬ 
mofphere,  which  is  not  without  foundation.  For, 
in  fhort,  we  know  nothing  in  nature,  of  all  that 
falls  under  the  fenfes,  upon  which  heat  does  not 
manifell  its  power ;  thus  there  is  no  doubt  of  its 
*  Pag.  1 6 1  of  this  volume. 
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acting  upon  the  glafs,  as  upon  all  other  things, 
and  of  its  dilatating  it  in  fuch  a  manner,  that 
the  capacity  of  a  glafs  veffel  or  bottle  is  greater 
in  the  lummer  than  in  the  winter.  But  the  que- 
ftion  is,  to  know  if  this  may  be  confiderable 
enough  to  caule  any  alteration  in  the  baro¬ 
meter. 

Now  by  many  exadl  experiments,  I  have 
found  that  a  white  glafs  bottle,  pretty  thick,  of 
a  cylindrical  figure,  and  fuch  as  thofe  are,  which 
are  commonly  flopped  with  a  glafs  fropper,  full 
of  common  water,  of  which  the  degree  of  heat 
meal ured  by  my  thermometer  was  equal  to  54 
inches,  and  which  contained  about  14  ounces  of 
this  water,  increafed  its  capacity  only  when 

I  im merged  it  in  other  water,  of  which  the  de¬ 
gree  of  heat  meafured  upon  the  fame  ther¬ 
mometer,  was  64  inches :  from  whence  we  may 
judge,  that  this  effect  is  fo  trifling,  that  it  can¬ 
not  be  fenfible  in  the  glafs  of  a  barometer,  the  ca¬ 
pacity  of  which  is  nothing  near  fo  confiderable, 
as  that  of  this  bottle. 

VI.  ExtraB  of  a  letter  from  M.  Sarrafin 
ph\fcian  to  the  king ,  in  Canada,  concern¬ 
ing  the  anatomy  of  the  c  a  ft  or ,  read  to  the 
academy ,  by  M.  Pitton  Tournefort  5  tran - 
fated  by  Mr.  Chambers. 

The  largeft  caftors  are  3  or  4  feet  long,  and 
12  or  15  inches  broad  in  the  middle  of  the  tho- 
raxj  and  from  one  haunch  to  the  other ;  and  they 
are  commonly  from  40  to  60  lb.  weight.  Their 
life  hardly  lafts  above  15  or  20  years;  as  to 
colour,  they  are  ufually  very  black  in  the  far- 

*  From  Quebec,  Och  15,  1700, 
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theft  parts  of  the  north,  tho’  fometimes  alfo 
white  *,  thofe  of  Canada  are  generally  brown,  but 
this  colour  grows  brighter  as  the  countries  are 
more  temperate,  for  they  are  fallow,  and  even 
almoft  ftraw-coloured  among  the  Ilinois  and 
Cbaouanons. 

The  caftor,  whofe  defcription  we  here  give,  was 
very  black,  tho’  taken  on  the  edge  of  a  little  lake 
12  or  1 5  leagues  from  Qjebec  •,  it  weighed  about 
50  pounds. 

This  animal  is  every  where  befet  with  2  kinds 
of  hair,  except  on  the  legs,  where  there  is  but 
one,  and  that  very  fhort  hair  ;  the  firft  kind  of 
hair  is  from  J  of  an  inch  to  two  inches  long, 
being  continually  fhorter  *,  the  nearer  it  is  to 
the  head  and  tail,  it  is  the  thicker,  rougher, 
and  more  glofiy  kind,  being  that  to  which  the 
colour  of  the  caftor  is  chiefly  owing  *,  viewing  it 
with  a  microfcope,  we  find  a  line  in  the  middle 
more  tranfparent  than  the  reft,  which  makes  us 
conjedture  it  to  be  hollow. 

The  other  kind  of  hair  is  a  very  fine  clofe  down, 
about  an  inch  long,  which  helps  to  keep  the  ca¬ 
ftor  from  the  cold,  and  ferves  to  make  hats  and 
other  fluffs  withal  •,  thofe  skins  which  have  been 
wore  by  the  lavages,  either  as  garments  or  as 
coverings  of  beds,  are  the  moll  valued,  both 
as  they  are  ft  ripped  of  their  coarfe  hair,  and 
as  the  down  left  on  them  being  become  fat  and 
undtuous,  by  the  matter  of  inienfible  perfpira- 
tion,  works  fo  much  the  better ;  this  down, 
when  the  animal  is  alive  and  works,  is  preferved 
from  the  mud  and  dirt,  by  the  other  longer  and 
ftiffer  kind  of  hair. 

’Tis  not  eafy  diftinguiPring  at  firft  fight  whe¬ 
ther  a  caftor  be  male  or  female  ;  all  that  appears 
without  is  an  orifice  under  the  tail,  whereby  both 

kinds 
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kinds  of  excrements  are  evacuated.  The  parts 
which  diftinguifh  the  fex  are  hid  under  the  muf- 
clcs,  and  to  make  a  judgment  thereof,  the  fkin 
and  Befla  between  the  os  pubis  and  this  orifice, 
mull  be  taken  up,  upon  which  the  yard  will  be 
felt,  which  is  hard  and  about  the  length  and  thick- 
nefs  of  a  finger. 

Under  the  fkin  we  find  a  layer  of  fatt  which 
under  the  belly  is  8  or  10  lines  thick,  and  extends 
from  the  jaws  to  the  tail,  but  it  diminifhes  gra¬ 
dually  in  approaching  towards  the  back  where 
there  is  none  at  all.  A  fecond  layer  of  fat  we 
find  between  the  two  oblique  mufcles  of  the  belly, 
but  this  is  hardly  J  of  an  inch  thick,  the  vif- 
cera  have  fcarce  any,  and  the  caul,  tho’  as  large 
as  in  other  animals,  only  weighs  3  or  4  ounces. 

The  mufcles  of  the  caltor  are  all  very  ftrong, 
and  feem  bigger  than  needs  be,  confidering  the 
fize  of  the  animal.  The  fibres  of  the  cutaneous 
mufcle  have  very  different  diredions  •,  thofe  co¬ 
vering  the  back,  from  the  hips  to  the  neck, 
are  ftrait,  and  fo  big,  that  the  mufcle  is  here  al- 
moft  an  inch  thick  ;  the  fibres  fituate  afide  of 
thefe,  recede  gradually  from  hence,  and  make  a 
much  lefs  bulk  •,  they  deferibe  almoft  femi  circles, 
which  defending  on  the  pedoral  mufcles,  the 
Jiernum ,  and  all  along  the  ftrait  mufcles,  unite  by 
an  aponeurofis ,  in  fuch  manner,  that  they  invert 
the  whole  animal.  Part  of  thefe  fibres  cover  the 
hips,  after  winch  tra veiling  each  other  on  the  os 
pubis ,  they  defend  and  form  a  kind  of  tiffue  in 
manner  of  a  mat,  which  covers  not  only  a  very 
confiderable  bundle  of  fibres,  but  alfo  the  fphinfter 
of  the  anus. 

From  the  inner  furface  of  the  mat  abovemen- 
tioned,  about  12  or  1 5  lines  below  the  os  pubis* 
arife  two  branches  of  flefhy  fibres,  about  the  thick- 
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nefs  of  a  finger,  which  afcend’to  the  infertion  of 
the  (Irak  mufcles,  and  are  faftened  thereto.  Of 
th  it  part  of  this  mufcle  which  covers  the  back, 
and  whofe  fibres  are  ftrait,  a  llrong  aponeurofts  is 
formed,  which  invefls  all  below  the  thighs ;  it 
is  faftened  to  the  fpina  apepbyfesof  the  vertebra  to¬ 
wards  the  tail,  and  from  l'pace  to  fpace  adheres 
likewife  to  the  membranes  of  the  mufcles,  which 
give  it  motion. 

The  frme  plan  of  fibres,  being  arrived  at  the 
firft  vertebra  of  the  back,  divides  firft  into  two 
parrs,  which  form  feveral  heads,  and  by  different 
origins  are  inferted  into  different  parts  •,  there  is 
one  about  2  inches  broad,  which  rifes  to  the 
third  vertebra  of  the  neck,  and  is  faftened  upon 
the  rhomboides  ;  another  fixes  itfelf  upon  the  head 
of  the  omoplate  j  the  third  on  the  hind  and  inner 
part  of  the  arm,  the  elbow,  and  the  upper  and 
hind  part  of  the  firft  joint  of  the  arm  •,  laftly, 
the  fourth  makes  one  and  the  fame  tendon  with 
that  of  the  firft  and  broadeft,  and  of  this  is 
formed  a  fifth,  which  is  inferted  into  the  middle 
and  lower  part  of  the  firft  joint  of  the  arm. 

There  is  nothing  particular  in  the  mufcles  of 
the  belly,  except  that  the  little  oblique  mufcle 
and  the  tranfverfnlis  are  inseparable. 

The  caftor’s  liver  is  of  a  ruddy  brown  colour, 
and  divided  into  7  lobes,  which  poflefs  the  2  hy¬ 
pochondria^  and  thus  cover  the  ftomach  on  all 
Tides.  The  gall-bladder  is  faftened  to  the  largeft 
of  thefe  lobes,  and  ufually  difcharges  itfelf  into 
the  duodenum ,  tho*  M.  Sarrajin  has  met  with  one 
which  emptied  itfelf  into  the  jejunum . 

The  fpleen  is  round  and  not  above  4  lines  in 
diameter,  to  3  inches  long  *,  it  is  more  firm  than 
that  of  other  animals,  and  is  faftened  by  5  or  6 
very  fhort  vehicles  to  the  fund  of  the  ftomach, 
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as  alfo  by  certain  (nembranes  to  the  kidnies,  pan¬ 
creas,  and  colon.  A  few  conglobate  glands  about 
the  bignefs  of  bees  are  alfo  found  towards  that 
end  of  it  next  the  ftomach,  which  is  fomewhat 
bigger  than  the  other. 

The  kidnies  are  \  an  inch  thick,  2  inches  long, 
and  about  as  many  broad  *,  the  renal  glands  are 
under  \  an  inch  in  length. 

The  pancreas  is  at  lead  2  foot  long,  and 
forms  an  angle,  the  point  whereof  is  faftened  to 
the  large  lobe  of  the  liver,  by  a  fort  of  little 
threads  ;  it  is  divided  into  two  parts,  one  whereof 
paffes  under  the  ftomach,  and  is  faftened  to  the 
fpleen  and  the  left  kidney  ;  the  other  defend¬ 
ing  along  the  duodenum  and  jejunum,  open  into 
the  fame  by  feveral  little  paffages. 

The  oefopbavus  is  wholly  invefted  with  a  white 
membrane,  which  appears  like  a  kind  of  lining, 
and  may  eafily  be  parted  from  the  canal  with¬ 
out  tearing  it. 

The  ftomach  is  one  of  the  moft  fingular 
parts  in  this  animal ;  it  is  upwards  of  a  foot 
long,  and  4  inches  broad  towards  the  fpleen,  but 
it  leflens  by  degrees,  fo  that  after  about  two 
thirds,  contracts  a  full  f  by  a  proje&ure  up¬ 
wards  of  an  inch,  which  advances  into  its  cavity 
after  this  it  widens  about  3  inches  towards  the 
pylorus ,  which  is  confiderably  prominent,  and 
advances  towards  the  fpleen  by  a  membrane 
faftened  to  the  oefophagus  at  its  other  end  ;  the 
widening  above-mentioned  feems  to  make  a  fe- 
cond  ftomach,  tho*  its  real  u!e  be  no  other  than 
to  retain  the  food  a  longer  time,  and  efpecially 
the  more  folid  kinds,  as  wood,  which  here  only 
yields  a  very  ftighc  extrabt,  for  it  paffes  almolt 
as  it  is  fwallowed  down,  whereas  herbs,  fruits,  and 
roots,  undergo  an  entire  dilfolution. 
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The  membranes  of  the  flomach  are  fo  thin, 
that  the  part  is  apt  to  tear  upon  the  leaft  fwelling, 
tho’  the  tkfhy  membrane  thickens  on  the  fide  of 
the  pyloras,  and  fortifies  it.  We  meet  with  no 
glands  difperfed  in  this  flomach,  but  in  lieu 
thereof  it  is  befet  with  about  ioo  veficles  or 
little  bladders,  2  or  3  lines  long,  which  are  Eiftened 
on  the  nervous  membrane,  and  cover’d  by  the 
flefhy  one,  their  fituation  being  between  the 
flrait  part  of  the  veficle  and  the  oefophagus •> 
all  thefe  veficles  makes  a  kind  of  hemilpherical 
body,  7  or  8  lines  high,  and  about  3  inches 
broad  at  bottom  •,  the  infide  of  each  veficle  feems 
glandulous,  but  they  are  fo  delicate  that  they 
burft  upon  the  leall  prefling  them,  tho’  each 
of  them  have  its  refpehlive  outlet,  yet  they  cor- 
refpond  to  12  little  orifices  about  2  lines  broad, 
and  ranged  in  4  columns,  which  open  into  the 
flomach.  When  the  animal  is  dead,  thefe  vefi¬ 
cles  are  found  full  of  a  white  inodorous  matter, 
of  the  confidence  of  pap,  but  there  is  a  deal  of 
probability  that  it  is  fluid  while  the  animal  is 
alive  ;  this  matter  is  doubtlefs  the  diflolvent  of 
the  food,  which  in  the  cold  countries,  and  during 
the  winter  time,  is  only  wood  of  the  alder,  elm, 
lime,  afh,  and  fome  kinds  of  poplar  j  during 
the  dimmer  they  eat  all  kinds  of  herbs,  fruits,, 
and  roots,  efpecially  thole  of  diverfe  kinds  of 
water-liliies. 

The*  inteflines  of  this  animal  are  very  flender, 
and  about  20  feet  long.  The  c tecum  is  in  figure 
of  a  feythe,  being  retained  in  that  pofition  by 
2  ligaments  which  run,  the  one  along  its  concave, 
and  the  other  along  its  convex  fide,  it  is  18  inches 
long  meafured  on  the  former  fide,  and  30  on  the 
latter.  Its  breadth  is  4  inches  at  its  large  end, 
and  may  contain  5  or  6  lb.  of  water  the  colon  is 
4  feet  long,  and  the  reflum  about  1 5  inches. 
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The  bladder  is  like  that  of  dogs ;  and  if  the 
opening  of  the  animal  be  continued  to  the  root  of 
the  tail,  we  eafily  difcern  its  tefticles,  and  the 
bundle  mentioned  above  in  the  defcription  of  the 
cutaneous  mufcle.  This  bundle  is  a  hollow  mufcle 
which  inclofes  the  yard  and  tefticles. 

The  tefticles  are  fituate  in  the  groin,  refting  by 
their  bafe  on  the  lateral  parts  of  the  os  pubis ,  and 
engaged  in  the  fit.  They  are  inclofed  in  leverai 
membranes  furnifhed  them  by  th t  peritoneum  and 
mufcles  of  the  abdomen ,  efpecially  by  the  crema- 
fter  mufcle  ,  whofe  fibres  being  circular,  give 
them  the  figure  of  a  cone  :  they  are  in  all  refpedts 
like  thofeof  dogs,  when  they  are  unravelled. 

The  vafa  deferentia  grow  conftderably  bigger 
behind  the  neck  of  the  bladder  ;  but  they  leflen 
again  ere  they  enter  the  urethra ,  where  they  have 
outlets  feparate  from  each  other. 

The  veficul<£  fe min  ales  are  fo  engaged  under 
the  os  pubis ,  that  there  is  no  feeing  them  without 
feparating  them.  They  are  ufually  two  inches 
ling  and  one  broad  toward  the  middle,  but  poin¬ 
ted  at  the  two  ends :  their  paftliges  alfo  open  fe- 
parately  into  the  urethra,  and  terminate  like  thofe 
of  the  vafa  deferentia ,  in  a  flefhy  eminence,  a- 
bout  the  fize  of  a  pea,  being  a  fpecies  of  veru, 
montanum  ;  aftde  of  this  eminence  we  find  feveral 
little  orifices  of  the  excretory  dufts  of  certain 
glands,  fituate  around  the  neck  of  the  bladder, 
which  do  the  office  of  proftrates,  and  are  full  of  a 
white  oily  liquor. 

The  hollow  mufcle  is  fituate  between  the  os 
pubis  and  the  aperture,  at  which  the  excrements 
are  voided  ;  refcmbling,  in  fome  meafure,  an  an¬ 
cient  kind  of  pouch,  wide  and  round  at  bottom, 
and  narrow  towards  the  top.  A  tendinous  body, 
an  inch  broad,  ties  it  faft  to  the  lower  and  middle 
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lip  of  the  os  pubis ,  from  whence  it  defcends  con¬ 
tinually  winding  to  the  common  orifice  above- 
mentioned. 

Upon  opening  this  kind  of  pouch,  from  top 
to  bottom,  about  the  middle  thereof  we  difcover 
the  yard  from  its  root  to  the  glans.  It  divides 
this  cavity  into  two, after  which  the  hollow  mufcle, 
folding  itfelf  after  a  certain  manner,  forms  two 
other  cavities,  fituate  under  the  firft  afide  of  the 
glans.  In  tnefe  four  cavities  are  lodged  the  bags 
which  contain  the  caftoreum  ;  tho’,  before  we 
proceed  farther,  it  may  be  neceffiry  to  fpeak  of 
the  common  orifice.  This  is  a  cavity,  about  2 
inches  every  way,  when  well  dilated,  in  which  ter¬ 
minate  the  bags  of  the  cafioreum, urethra, anus, and 
the  vagina  in  females  *,  it  is  about  3  inches  diftant 
from  the  root  of  the  tail,  and  4  from  the  os  pubis , 
being  blackifh,  and  bordered  with  a  very  fine 
hair,  nothing  like  that  of  the  reft  of  the  body. 

The  root  of  the  yard  is  fattened  to  the  lower 
lip  of  the  os  pubis  :  hence  it  pierces  the  membrane 
of  the  anus ,  in  the  part  where  the  upper  bags 
communicate.  This  membrane  adheres  circu¬ 
larly  to  the  infertion  of  the  glans ,  as  the  dia¬ 
phragm  is  to  the  oefophagus.  The  lower  part  of 
the  yard,  which  is  about  2  inches  and  a  half  long, 
is  contained  in  the  upper  cavity  of  the  hollow 
mufcle,  being  the  part  where  it  feparates  into 
two  ;  fo  that  the  glans ,  which  is  near  an  inch 
and  half  long,  is  intirely  in  the  anus ,  between 
the  outlets  of  the  upper  and  lower  bags.  The 
cattor  attacks  the  female  on  the  forefide,  both  on 
account  of  the  fituation  of  the  common  orifice, 
and  by  reafon  of  the  length  and  inflexibility  of 
its  tail. 

The  glans,  which  is  perfectly  like  that  of  dogs, 
is  covered  with  a  skin  grained  like  lhagreen  •,  in 

the 
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the  body  of  the  yard  we  find  a  pyramidal  bone, 
whofe  bafe  is  fattened  to  the  corpus  cavernofum , 
and  is  about  1 5  lines  long. 

Under  the  root  ot  the  yard  are  two  bodies,  a- 
bout  the  fize  of  wallnuts,  fattened  to  the  corpus 
cavernofum.  Thefe  two  bodies  confitt  of  (lender 
vejiculte,  which  iwell  in  the  time  of  copulation, 
by  means  of  feveral  blood  vefiels  which  form  a 
kind  of  capfula  to  the  urethra. 

In  the  fame  place,  we  find  two  oval  glands,  a- 
bout  10  lines  long,  and  3  or  four  thick  *,  their 
excretory  vefiels,  which  are  about  the  thicknefs 
of  a  common  bodkin,  and  upwards  of  an  inch 
long,  open  into  the  urethra  *,  about  an  inch  deep 
in  the ^yard,  the  fubftance  of  thefe  glands  are  very 
firm,  and  contains  a  brownifh  oily  liquor,  which 
perhaps  may  ferve  to  defend  the  cavity  of  the  ure¬ 
thra  from  the  acrimony  of  the  urine.  The  like 
are  found  in  rats,  excepting  that  they  are  round. 

The  genital  parts  of  the  female  caftor  are  like 
thofe  of  the  female  hare,  coney,  or  rat.  The 
vagina  of  that  of  the  caftor  is  5  inches  long,  and, 
like  the  urethra ,  is  not  inclofed  in  the  upper  c a-  < 
vity  of  the  hollow  mulcle  as  the  yard  of  the  male 
is,  but  has  its  opening  in  the  anus . 

’Tis  affirmed,  that  the  females  go  4  months 
with  young,  and  bring  5,  6,  or  8  at  a  time  ; 
yet  M.  Sarrafm  has  never  found  more  than  4  in 
any  of  thofe  opened  by  him. 

The  female  caftor  has  4  breads,  two  fituate  on 
the  great  pectoral  mulcle,  like  thofe  of  women, 
between  the  fecond  and  third  of  the  true  ribs,  and 
two  more  on  the  neck,  about  four  fingers  higher 
than  the  former. 

The  ancients,  who  did  not  difiedt  with  much 
care,  could  not  perceive  the  caftor’s  tefticles,  as 
being  very  final!  and  fituate  in  the  groin.  The 
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fize,  figure,  and  fituation  of  the  bags  impofed 
upon  them,  and  the  firft  full  difcovery  of  thefe 
parts  is  owing  to  the  royal  academy. 

The  bags,  or  purles,  contained  in  the  upper 
cavities  of  the  hollow  mufcle,  and  which  we  fhall 
hereafter  call  upper  bags,  contain  a  refinous 
matter ;  but  thofe  in  the  lower  cavities,  which, 
for  that  reafon,  we  fhall  call  lower  bags,  are  ga¬ 
thered  in  clufters,  incloied  under  a  common  mem  ¬ 
brane,  and  lull  of  an  oily  matter.  The  upper 
are  double,  and  refemble  a  wallet ;  each  bag 
whereof  being  about  3  inches  deep,  and  one  and 
half  wide  at  bottom,  is  p'  teed,  one  on  the  right 
and  the  other  on  the  lefc  fide  of  the  yard.  The 
bags  defer  ibe  a  kind  of  femi-circle.  as  they  ap¬ 
proach  the  yard,  and  contradfc  by  little  and  little 
to  the  very  apertures,  which  are  about  an  inch 
in  diameter,  and  look  into  the  cloaca. 

There  are  3  membranes  obfervable  in  the  texture 
of  thefe  purfes:  the  firft  Ample,  but  \e;y  ftrong  ; 
the  fecond  much  thicker,  and  befet  with  numerous 
veflels  *,  the  third  is  peculiar  to  the  caftor,  being 
as  dry  as  parchment,  and  about  the  fame  thick- 
nefs,  and  tearing  like  it  ;  but  fo  folded  on  itfelf, 
that  when  opened,  it  extends  to  three  times  the 
fpace  as  before.  It  is  very  fleek  on  the  outfide, 
of  a  pearl  colour,  and  frequently  fpeckled  with 
brown,  fometimes  with  red  :  it  is  uneven  on  the 
infide,  being  lined  with  little  threads,  to  which 
the  refinous  matter  ftrongly  adheres. 

The  firft  membrane  feems  only  intended  to 
contain  the  purfes  within  their  juft  magnitude  : 
the  veflels  which  befet  the  fecond  fupply  the  refi¬ 
nous  matter  which  is  mixed  with  the  blood.  This 
membrane  follows  all  the  folds  of  the  third,  as 
the  pia  mater  enters  all  the  finufles  of  the  brain  *, 
for  the  third,  there  would  be  a  great  deal  of  pro¬ 
bability 
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bability  of  its  ferving  to  filtre  the  refinous  mat- 
matter,  if  any  glands  could  be  difcovered  in  it  ; 
we  are  to  fuppofe  them  however  very  (mail,  and 
perhaps  the  threads  above-mentioned  may  be  their 
excretory  ducts. 

This  matter  thus  filtrated  thickens  gradually  in 
the  purfes,  till  it  arrive  at  the  confiftence  of  a  refm 
heated  between  the  fingers,  when  it  is  called 
c  aft  or  earn  •,  it  prefer  ves  its  loftnefs  above  a  month, 
after  its  being  taken  from  the  animal,  and  fmells 
very  rank  ail  this  rime,  being  brownifh  cn  the 
outfide,  and  yeliowifh  within  •,  but  it  afterwards 
loofes  its  fmell,  and  turns  hard  and  friable,  like 
other  refins.  It  may  be  added,  that  it  is  com- 
budible  at  ail  times  ;  the  larged  purfes  weigh 
about  two  ounces. 

The  lower  purfes,  at  fird  fight,  feem  double  , 
one  on  the  right,  and  the  other  on  the  left  fide 
of  the  cloaca  \  but  upon  taking  off  the  membrane 
which  covers  them,  we  fometimes  find  two  or 
three  together,  each  cluder  of  thefe  purfes  is  2 
inches  j  long,  and  14  or  1 5  lines  in  diameter. 
The  purfes  are  round  at  bottom,  and  leffen  in- 
lenfibly  as  they  approach  the  cloaca .  The  larged 
poffefles  the  whole  length  of  the  cluder,  but  is 
only  8  or  10  lines  in  diameter.  The  fecond  is 
not  ufually  half  fo  big  as  the  fird  ;  and  the  third 
is  commonly  the  fmalied. 

Thefe  purfes,  befide  their  common  membrane, 
have  each  of  them  three  proper  ones  :  the  fird, 
being  of  a  very  delicate  texture,  is  interfp  rfed 
with  abundance  of  veficles.  1  he  fecond  is  not 
only  thicker,  but  is  likewife  inveded,  ard,  as  it 
were,  cruded  over  with  glands,  which  feem  to  be 
conglomerate,  and  are  lpread  in  cluders  of  dif¬ 
ferent  magnitudes  over  the  whole  external  furface 
of  the  membrane.  In  the  middle  of  thefe  cluf- 
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ters,  we  find  certain  cavities,  which  open  into 
each  other,  viz.  the  larger  into  the  fmaller,  and 
thole  at  length  into  the  puiTe  itfelf  by  apertures,  a 
line  or  two  in  diameter. 

The  third  membrane  is  white,  and  To  very  de¬ 
licate,  that  it  tears  as  if  it  were  only  a  cream  con- 
denfed  on  the  inner  furface  of  the  fecond.  It  is 
perforated  in  the  fame  places  as  that  other,  in  or¬ 
der  to  give  paflage  to  the  liquor  filtrated  in  the 
glands. 

The  firffc  membrane  fuftains  the  blood  veffels, 
which  furnifh  the  liquor  to  be  fecreted  by  the  fe¬ 
cond  and  third.  This  fecretion  is  performed  by 
the  glands,  upon  pricking  them  very  flightly,  yield 
an  oily  liquor,  and  even  that  in  the  purfe  readily 
empties  itfelf  at  fuch  pundures,  upon  flightly 
fqueezing  the  purfe.  This  liquor  is  of  a  pale  yel¬ 
low  colour,  full  of  little  bodies,  like  thole  obfer- 
vable  in  oil  of  olives  when  it  begins  to  fix  ;  that 
of  the  caftor  afterwards  becomes  per  fed:  ly  liquid, 
and  of  an  amber  colour. 

The  induftry  of  nature  is  here  truly  wonderful, 
who,  to  prevent  the  little  paffages  of  the  purfes 
into  the  cloaca  from  being  flopped,  by  the  thic¬ 
kening  of  the  liquor,  or  from  fhri veiling  by  the 
adion  of  the  air,  has  befet  them  all  with  a  kind 
of  hair  about  half  an  inch  long,  which  arifing 
from  the  purfe  itfelf  a  little  beyond  the  paflage, 
runs  the  whole  length  thereof,  and  advances  a 
little  into  the  cloaca . 

All  thefe  purfes,  upper  and  lower,  do  not  com¬ 
municate  with  each  other,  their  ducts,  as  already 
obferved,  terminate  in  the  cloaca  \  nor  do  we 
know  what  ufe  thefe  liqdors  are  of  to  the  caftor. 
There  is  no  truth  in  what  is  commonly  alledged, 
that  they  ferve  to  excite  its  appetite  when  lan- 
guifhing  >  and  M.  Sarrafin ,  tho*  he  kept  one 
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of  thefe  animals  2  years,  yet  could  not  pene¬ 
trate  into  their  ufe.  It  is  a  midake  likewife,  that 
the  hunters  make  ufe  thereof,  as  a  bait  for  catch¬ 
ing  cadors  in  fnares ;  but  *tis  cudomary  to  anoint 
the  fnares  laid  for  predatious  animals  therewith, 
as  foxes,  bears,  martins,  but  efpecially  carcajoux, 
which  lad,  in  the  winter  time,  attack  the  cadors 
in  their  dens,  which  they  frequently  break  up. 

Among  the  favages  the  women  greafe  their  hair 
with  the  oil  of  the  cador ’s  bags,  but  it  fmells  ill, 
and  can  have  no  charms,  except  for  a  favage. 

From  the  abdomen  we  mud  pafs  to  the  thorax 
of  the  cador  ;  this  part  is  about  5  inches  long, 
very  narrow  at  top,  much  wider  towards  the 
bottom,  and  clofe  by  14  ribs,  viz.  feven  true 
ones,  which  are  very  fhort,  ar.d  feven  fpurious 
ones,  which  are  not  only  much  broader,  but 
leave  a  confiderable  fpace  between  them.  *Tis 
by  this  means  the  cador  is  enabled  to  contract 
itfelf  fo  eafily,  fince  the  ribs  are  quickly  drawn 
together  by  the  action  of  the  circular  fibres  of 
the  fird  mufcle. 

The  fternum  confids  of  5  narrow  bones ;  the 
icutiform  cartilage,  which  is  about  an  inch  broad, 
is  round  and  very  flexible  \  the  lungs  have  6  lobes, 
3  on  the  right  fide,  two  on  the  left,  and  a  fmall 
one  inclofed  in  the  mediajlinum  *,  the  annular  car¬ 
tilages  of  the  trachea  confid  only  of  one  piece. 

1'he  heart  is  about  2  inches  long,  and  the  bafe 
thereof  fo  me  what  above  an  inch  and  \  in  dia¬ 
meter  ;  its  ventricles  are  pretty  equal,  but  the 
right  auricle  is  much  fmaller  than  the  left,  and 
yet  I  do  not  hereupon  conclude,  that  the  quantity 
of  blood,  falling  into  this  ventricle,  is  lefs  pro- 
portionably  to  its  bulk,  than  what  is  received 
by  the  other  ;  for  the  lower  vena  cava  is  here 
confiderably  widened,  and  forms  a  kind  of  bag, 
Vol.IL  N°.  17.  Cc  fur- 
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furrounded  with  fiefhy  fibres,  being  about  an 
inch  and  }  in  diameter  ;  this  bag  a£ts  in  concert 
with  the  right  auricle  for  filling  the  right  ventri¬ 
cle,  and  being  narrower  next  the  liver,  is  clo- 
fed  by  3  valves  like  th z  fgmoides,  which  permit 
the  blood  to  purfue  its  courfe,  but  hinder  its  re¬ 
flux,  which  otherwife  there  would  be  danger  of, 
by  reafon  the  upper  vena  cava ,  in  lieu  of  open¬ 
ing  into  the  auricle,  goes  backwards,  and  empties 
itfelf  into  this  bag,  fo  that  the  two  ftreams  of 
blood  here  meet  in  oppofite  directions ;  and  the 
left  fubclavian,  in  lieu  of  purfuing  its  courfe  into 
the  upper  vena  cava ,  defcends  over  the  lower 
branch  of  the  aorta  under  the  bafe  of  the  heart, 
and  opens  into  the  facculus  abovementioned. 

As  to  the  head,  the  m oft  remarkable  things 
therein  are,  iff,  the  occipital  bone,  which  is  pla¬ 
ced  like  a  plate  on  the  back  of  the  head ;  2dly, 
there  is  no  inner  Anus  in  the  falx  of  the  dura- 
mater ,  which  membrane  makes  a  flight  divifiorr 
of  the  brain,  being  fuflained  by  oflicles,  inferted 
in  its  own  fubflance,  fome  whereof  are  only  bony 
lamina,  very  folid  tho’  thin,  while  others  are 
round,  about  a  line  in  diameter,  and  2  or  3  lines 
long  *,  3#dly,  the  brain  has  no  fenfible  Anus’s, 
but  the  pi  a  mater  feparates  from  it,  as  if  it  were 
only  laid  on  a  fmooth  body  ;  4thly,  the  cere¬ 
bellum  has  feveral  bunches  or  prominences  of 
different  figures,  which  are  feparated  from  each 
other  by  the  pia  mater  \  two  of  thefe  fpring  from 
the  Ades,  and  are  about  j  of  an  inch  every  way 
5thly,  the  eyes  are  very  fmall,  the  aperture  of 
the  eyelids  not  being  above  a  third  of  an  inch  •, 
the  cornea  is  round,  and  the  ins  of  a  deep  blue  ; 
6rhly,  there  is  a  third  fort  of  eye-brow,  fituate 
in  the  large  canthus  of  the  eye,  which  ferves  as 
a  curtain  to  cover  or  uncover  die  cornea ,  at  the 
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difcretion  of  the  animal  *,  ythly,  the  two  jaws, 
which  are  very  ftrong  and  nearly  equal,  are  each 
furnifhed  with  10  teeth,  2  cutters,  and  8  grin¬ 
ders  ;  the  cutters  are  fituate  at  the  end  of  the 
fnout ;  thofe  on  the  upper  fide  are  about  8  lines 
long,  and  thofe  on  the  under  fide  a  whole  inch  ; 
the  roots  or  twangs  of  the  former  are  2  inches 

1  long,  and  thofe  of  the  latter  three,  following 
with  all  the  curvity  of  the  jaws,  which  gives 
them  an  incredible  ftrength ;  accordingly  the 
caftor  will  fell  the  largeft  trees  by  meer  dint 
of  teeth  Sthly,  as  thefe  animals  live  chiefly  on 
dry  foods,  nature  has  furnifhed  them  with  fali- 
val  glands  of  prodigious  bulk,  to  furnifh  moiflen- 
ing  enough  ;  they  poflefs  all  the  under  part  of 
the  lower  jawT,  the  fore-part  of  the  neck,  and 
defcend  as  low  as  the  clavicles ;  they  are  covered 
with  a  mufcle,  which  adheres  to  the  (kin,  and 
confifls  of  2  plans  of  flefhy  fibres,  faftened  to 
the  fecond,  third,  and  fourth  vertebra  of  the 
neck,  by  a  flefhy  origin  4  fingers  broad  ;  thefe 

2  plans,  taking  contrary  courfes,  inveft  the  neck 
towards  the  trachea ,  whereon  their  fibres  crofs 
each  other,  fomewhat  in  manner  of  a  mat  *,  that 
arifing  from  the  right  fide,  proceeds  towards  the 
left,  and  is  inferted  by  its  aponairofis  into  the  arm, 
the  bend  of  the  elbow,  and  the  firft  joint.  The 
other  plan,  taking  an  oppofue  courfe,  is  inferted 
after  the  fame  manner  into  the  other  arm  ;  this 
mufcle  is  faftened  a-top  to  the  whole  lower  jaw, 
and  at  bottom  is  fuftained  on  the  fat,  and  defcends 
to  the  clavicles  ;  its  ufe  is  to  fqueeze  the  glands, 
by  forming  the  jaw,  and  bringing  the  arms  of 
the  animal  nearer,  at  the  fame  time  that  it  holds 
its  food  in  its  hands. 

The  caftor’s  tail  has  no  relation  to  the  reft  of 
its  body  •,  it  feems  rather  to  approach  the  nature 

C  c  2  of 


196  The  History  and.  Memoirs  of  the 

of  a  fifti,  being  covered  over  with  a  fcaly  fkin, 
under  which  we  find  a  firm  kind  of  fat,  much 
like  the  flefh  of  a  porpoife,  which  was  probably 
what  chiefly  contributed  to  the  caftor’s  palling 
for  an  amphibious  animal.  The  fcales  are  hexa¬ 
gonal,  \  a  line  thick,  and  3  or  4  long,  being 
joined  together  by  a  thin  pellicle,  and  fet  in  the 
fkin,  from  which  they  eafily  feparate,  after  the 
animal  is  dead.  Between  each  fcale  arife  three  or 
four  hairs,  about  2  lines  long,  which  are  more 
numerous  on  the  fides  of  the  tail  than  elfewhere. 

For  the  motion  of  this  tail  there  is  a  great 
number  of  mufcles,  fome  large  and  others  lmaller  *, 
the  largefl  are  faftened  on  the  tranfverfe  apophyfes 
of  the  os  facrum ,  and  their  tendons  difiributed 
in  bundles  of  4  or  6,  each  enclofed  in  fheaths, 
which  carry  them  along  the  vertebrae  of  the  tail. 
The  tendons  of  the  lefier  mufcles  are  faftened 
and  confounded  along  with  thofe  of  the  firft. 

The  caftor  being  deftined  for  works  of  archi¬ 
tecture,  fells  and  cuts  wood  with  its  teeth,  foftens 
and  kneads  the  clay  with  its  feet,  and  its  tail  not 
only  ferves  for  a  trowel,  but  as  a  hod  for  car¬ 
rying  mortar ;  and  hence  the  reafon  of  its  being 
fcaly  furnifned  with  fat,  and  with  a  multitude  of 
mufcles. 

The  fore-feet  are  like  thofe  of  other  animals, 
which  hold  their  meat  between  their  feet,  and  thus 
bite  it  by  degrees,  as  rats,  fquirrels,  but  the 
bind  feet  have  no  relation  thereto,  being  liker 
thofe  of  river  fowls,  and  which  are  webb-footed, 
as  ducks,  geefe,  &c.  fo  that  the  caftor  is  fit 
either  to  walk  on  the  ground,  or  l'wim  in  the  wa¬ 
ter.  From  the  tip  of  its  r.ol'e  to  the  thighs,  it 
refembles  a  rat  *,  but  from  the  thighs  to  the  tail, 
it  is  more  like  one  of  the  fiat-footed  kind  of  river 
fowl. 
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To  the  anatomy  of  the  caftor,  M.  Sarrafm  has 
added  feveral  obfervations  relating  to  their  man¬ 
ner  of  living. 

Firft,  when  the  large  floods  are  over,  the  fe¬ 
males  return  to  their  cells  to  bring  forth  their 
young  ;  the  males  keep  the  field  till  June  and 
July,  nor  come  home  till  the  waters  be  quite 
low  ;  they  then  betake  themlelves  to  repair  the 
damages  which  the  floods  have  made  in  their 
houfes,  or  elfe  make  new  ones  ;  they  change 
their  place  chiefly  on  three  accounts,  iff,  when 
they  have  fpent  all  the  food  within  their  reach  ; 
2dly,  when  the  company  is  too  numerous,  and, 
^dly,  when  the  hunters  moled  them  too  much. 

Secondly,  To  fix  their  dwelling,  they  chufe 
a  place  fruitful  in  provifions,  watered  with  a 
little  river,  and  fit  for  making  a  lake  therein  j 
they  begin  with  building  a  caufway  of  a  fuffici- 
ent  height,  for  raifing  the  water  to  the  firft  bed 
or  apartment  of  their  cells.  If  the  country  be 
flat  and  the  river  deep,  the  caufways  are  built 
long,  but  not  fo  high  as  in  vallies;  thefe  cauf¬ 
ways  are  10  or  12  feet  thick  at  their  foundation, 
but  diminifh  as  they  rife,  and  a-top  are  rarely 
above  two.  The  animal  having  a  great  talent 
at  felling  wood,  does  not  fpare  it,  but  cuts  it 
ufually  in  pieces  about  the  thicknefs  of  the  arm 
or  thigh,  and  from  two  feet  to  fix  feet  long ; 
thefe  they  ufe  as  flakes,  finking  one  end  of 
them  deep  in  the  ground,  and  very  clofe  to 
each  other,  waitling  them  with  other  fmaller 
and  more  pliable  pieces,  and  at  length  filling 
up  the  vacuities  with  clay.  This  work  they  con¬ 
tinue  while  the  water  rifes  for  the  greater  conve- 
viency  of  tranfporting  their  materials,  but  at 
length  they  put  a  ftop  to  this  kind  of  dyke  ; 
when  the  waters  retained  may  reach  the  firft 

ftratum 
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firatum  of  the  habitation  intended.  That  fide  of 
the  caufway,  contiguous  to  the  water,  is  built  flop* 
ing,  fo  that  the  water  adting  in  the  direction  of 
its  depth,  prefifes  it  ftrongly  againft  the  ground  ; 
at  the  fame  time  the  oppofite  fide  is  perfectly 
perpendicular ;  this  work  is  ftrong  enough  to 
bear  people  who  get  upon  it,  and  the  animals 
take  great  care  to  keep  it  in  order,  never  failing 
to  repair  the  final  left  breach  with  clay  *,  if  they 
perceive  that  the  hunters  obferve  them,  they  only 
work  in  the  night-time,  or  elfe  quite  abandon 
their  dwelling. 

Thirdly,  when  the  caufway  is  finiflhed,  they 
go  to  work  on  their  cabbins,  which  they  always 
build  very  ftrongly  at  the  edge  of  the  water,  on 
fome  little  ifiand,  or  in  piles  drove  for  the  pur- 
pofe.  Thefe  lodges  are  either  round  or  oval, 
and  ftand  about  f  out  of  the  water,  but  they 
take  care  to  leave  a  door,  which  the  ice  can¬ 
not  flop  ;  fometimes  they  build  the  whole  houfe 
on  dry  ground,  and  dig  ditches  five  or  fix  feet 
deep,  to  the  edge  of  the  water.  The  fame 
materials  are  ufed  for  their  houfes  as  the  caufways, 
tho’  the  former  are  perpendicular,  and  terminate 
in  a  kind  of  dome  ,  the  walls  being  ufually  two 
feet  thick  *,  as  their  teeth  are  equivalent- to  the 
beft  faws,  they  cut  off  all  the  ends  of  timber 
which  come  beyond  the  walls,  and  plaifter  them 
over  both  infide  and  out,  with  a  kind  of  mud 
made  of  clay,  and  dried  herbs,  and  here  their 
tail  ferves  them  in  good  ftead  to  beat  and  lay 
this  plaifter  the  clofer. 

Fourthly,  the  infide  of  the  cell  is  roofed  with 
a  fiat  vault,  and  may  ferve  to  lodge  8  or  10 
caftors  •,  on  the  out- fide  it  may  meafure  8  or 
10  feet  broad,  and  10  or  12  feet  long,  fup- 
pofing  it  oval ;  within-fide  it  may  be  4  or  5 
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feet  broad,  and  5  or  6  long,  if  the  number  t>f 
caftors  to  inhabit  it  be  15,  20,  or  even  30,  which 
however  rarely  happens.  The  houfe  is  made 
large  in  proportion,  or  even  feveral  houfes  are 
built  dole  to  each  other.  Some  miftionaries 
affured  M.  Sarraftn ,  that  they  had  found  four 
hundred  caftors  lodged  in  different  cells,  which 
communicated  with  each  other ;  they  are  built  in 
ftories,  that  the  animal  may  have  a  retreat  when 
the  waters  fwell  ;  they  have  alfo  an  aperture  be- 
lide  the  door,  and  the  place  where  they  bathe; 
by  .  this  aperture  they  go  to  the  water,  to  void 
their  excrements. 

Fifthly,  the  name  terrier  caftors  is  given  to 
iUch  as  lodge  in  caves,  built  where  the  ground 
riles  over  the  edge  of  the  water  ;  thefe  begin  their 
houfe  by  an  aperture,  which  goes  farther  or  iefs 
inro  the  water,  as  the  ice  may  be  more  or  left 
thick,  and  continue  it  5  or  6  feet  long,  but  make 
it  no  broader  than  is  neceftary  to  afford  them  paf- 
fage ;  this  done,  they  make  a  lake  3  or  4  feet 
every  way,  wherein  they  bathe  themfelves  at 
pleafure ;  then  they  dig  another  gut  in  the  ground, 
rifing  in  ftories  one  over  another,  that  they  may 
always  place  themfelves  dry  when  the  waters 
fwell  ;  thefe  guts  are  fometimes  a  hundred  feet 
long  ;  the  caftor  covers  the  place  where  it  lies 
with  grafs,  and  in  winter  makes  a  kind  of  fhav- 
ings,  which  ferves  it  for  a  quilt. 

Sixthly,  All  thefe  preparations,  efpeciaJIy 
thofe  of  the  caftors,  which  inhabit  cold  countries, 
are  ufually  finifhed  in  Auguft  and  September , 
which  is  the  time  when  they  are  to  begin  mak¬ 
ing  provifion  for  the  winter’s  fubfiftence  ♦,  they  cut 
wood  therefore  in  pieces,  from  2  or  3  feet  long, 
to  8  or  10,  the  largeft:  whereof  are  drawn  by  fe¬ 
veral  of  thefe  animals  together,  and  the  fmalfer 
1  by 
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by  a  Angle  one,  but  all  in  different  roads,  to  pre¬ 
vent  their  obftru&ing  one  another.  They  firft 
lay  a  certain  quantity  of  thefe  to  float  in  the  wa¬ 
ter,  then  lay  new  ones  on  the  flrff,  and  continue 
thus  heaping  one  piece  over  another,  till  their 
(tore  be  anfwerable  to  the  number  of  animals 
which  intend  to  live  together.  Thus  the  provi- 
fion  for  8  or  io  caftors  is  25  or  30  feet  fquare, 
over  8  or  10  feet  deep.  This  wood  is  not  laid 
like  that  in  our  yards,  but  is  fo  difpofed,  that 
they  may  pull  out  what  piece  they  pleafe,  for 
they  only  eat  thofe  which  dip  in  the  water  ; 
before  they  eat  them  they  chop  them  fmall,  and 
bring  them  into  that  part  of  the  cell  where  they 
lie  ;  if  they  had  chopped  ere  they  laid  them  up 
in  their  wood- yard,  the  water  would  have  difper- 
fed  and  driven  them  afunder. 

Seventhly,  As  to  the  caflor-hunting,  it  is  per¬ 
formed  from  the  beginning  of  'November  to 
March  and  April ,  they  being  then  well  furnifhed 
with  hair.  The  way  of  taking  them,  is  either 
by  lying  clofe  and  (hooting  them,  or  laying 
fnares,  or  making  holes  forjhem  in  the  ice  :  the 
firft  is  the  moft  tedious,  as  well  as  the  moft 
precarious  way  the  fecond  is  the  moft  com¬ 
mon,  tho*  the  caftors  have  fufficient  provifions, 
yet  they  will  be  going  from  time  to  time  into  the 
woods  to  feek  for  new  food,  and  the  hunters,  who 
know  that  they  love  frefh  wood  better  than  that 
which  has  been  long  kept,  bring  it  them  near 
their  houfes,  and  lay  traps  for  them,  like  thole 
wherewith  vse  catch  rats,  feveral  flakes  3  or  4 
feet  long,  being  driven  deep  into  the  ground, 
there  is  one  heavy  crofs  ftake  railed  a  foot  and  a 
half  high,  under  which,  by  way  of  bait,  is  placed 
a  branch  of  poplar,  5  or  6  feet  long,  which 
leads  to  another  very  (lender  branch.  This  laft 

corre- 
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correfponds  fo  nicely  to  the  crofs  piece,  that  the 
caftor  may  jfhake  the  firfi:  as  Jong  as  it  pleafes, 
the  crofs  piece  never  falls  till  it  begins  to  knaw 
the  little  branch,  and  then  it  is  infallibly  a  pri- 
foner. 

Eightly,  The  laft  method  is  to  dig  holes  in 
the  ice,  when  not  above  a  foot  thick,  the  caftors 
will  not  fail  coming  to  thefe  holes  to  breath,  and 
here  the  hunters  are  ready  to  attack  them  with 
axes.  Some  hunters  will  fill  up  thefe  holes  with 
flocks  of  typha,  to  prevent  their  being  fpied  by 
the  animals,  and  in  this  cafe  catch  them  by  a  hind 
foot.  If  there  be  any  rivulet  near  the  cabbin, 
they  cut  the  ice  a-crofs,  and  lay  a  flrong  net 
therein,  which  done,  going  to  {form  the  cabbin 
and  drive  out  its  inhabitants,  they  naturally  run 
for  fafety  into  the  rivulet,  and  throw  themfelves 
into  the  fnare. 

YrII.  The  defcription  aud  ufe  of  a  level  of  $ 
new  conflruffiion ,  by  M.  ds  la  Hire 

The  great  aqueducts,  which  the  ancients  have 
made,  might  have  perfuaded  us,  that  they  were 
very  fkilful  in  the  art  of  levelling,  if  the  inftru- 
ments  which  they  ufed,  and  the  whole  artifice, 
which  they  employed,  had  not  been  handed  down 
to  us  in  the  works  of  Vitruvius.  Their  great 
level,  which  they  called  cborobates ,  was  a  piece 
of  wood  20  feet  long,  fupported  by  fome  pieces 
at  the  extremities,  and  which  had  in  its  upper 
part  a  canal  that  they  filled  with  water,  with  fwme 
little  plummets,  which  hung  to  the  fides,  to  be 
aflfured  if  the  piece  was  in  a  level ;  and  this  was 
the  whole  extent  of  their  levelling,  for  they  car¬ 
ried  the  chorobates  from  20  feet,  to  20  feet  to 
condudl  their  work. 

*  Nov.  1 2,  1 704. 

Vol,  II.  Nc,  18.  Dd  Rut 


202  The  History  <WMemoirs  of  the 

But  the  new  difcoveries  that  have  been  made  in 
the  academy  of  fciences,  and  the  different  levels 
that  have  been  there  invented  with  telefcopes, 
which  ferve  them  for  fights,  have  given  us  the 
means  of  making  levels  with  a  great  deal  more 
juftnefs,  and  with  much  more  eafe,  than  all  thole 
which  have  been  made  till  this  time,  lince  we 
may  level  at  once  a  diftanceof  1000  toifes,  with¬ 
out  any  lenfible  error. 

We  have  in  our  hands  the  levels  of  M.  Picardy 
Mariotte ,  Huygens ,  Thevenot ,  and  Roemcr ,  whofe 
conftrudtions  are  all  different,  and  I  have  alfo 
given  one  which  draws  its  juftnefs  from  the  fur- 
face  of  water  *,  a  defeription  of  which  I  have 
printed  in  M.  Picard9 s  treatife  of  levelling  in 
1684,  and  which  was  afterwards  copied  in  the 
memoirs  of  the  academy  in  1699.  But  the  fur- 
veys  that  1  have  formerly  made  by  order  of  the 
king,  in  different  places  and  at  different  times, 
for  the  lpace  of  about  100  leagues,  have  fhewn 
me,  thatalmoft  all  thefe  levels  have  great  incon¬ 
veniences  in  them,  and  that  they  cannot  eafily  be 
tranlported  without  our  being  obliged  to  rectify 
them,  and  fometimes  to  reftore  the  fights,  which  re¬ 
quire  pretty  troublefome  operations.  Not  that  it  is 
neceffary  to  make  ufe  of  a  juft  level  to  make  ex- 
adb  furveys,  fince  we  may  eafily  arrive  at  it  by 
taking  fome  precautions,  as  is  obferved  in  M. 
Picard9 s  levelling,  and  as  I  have  explained  it  af¬ 
terwards  in  a  little  treatife  of  levelling,  which  I 
have  given  to  the  publick. 

The  *  level,  which  I  here  deferibe,  and  which 
I  made  fometime  ago,  is  conllru&ed  upon  a 
different  principle  from  all  other  levels  which 
have  hitherto  appeared  :  for  they  draw  all  their 
juftnefs,  either  from  the  centre  of  gravity  of  the 
body  of  the  whole  level,  which  is  fulpended  upon 

Plate  IV.  Fig.  19.  a 
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a  body  flexible  or  otherwife,  or  from  a  plum¬ 
met  alfo  fufpended  to  a  thread,  as  fine  as  a  hair  ; 
or  laftly,  from  the  furface  of  water,  or  fome  o- 
ther  fluid  body,  whole  furface  is  always  level. 
But  this  here  is  not  at  all  fufpended  by  any  body 
whatever  ;  on  the  contrary,  the  centre  of  gra¬ 
vity  of  the  body  which  ferves  it  for  a  rule,  as  it 
does  to  many  others,  is  placed  above  the  point  of 
lupport ;  fo  that  if  it  was  pofiible,  that  the  centre 
of  gravity  of  the  body,  which  is  a  mathema¬ 
tical  point,  fhould  remain  immoveable  upon  the 
fupport,  which  is  the  niceft  point  that  it  is  pof- 
fible  to  make  ;  we  fhould  then  have  the  true  level, 
which  would  be  the  perpendicular  line  drawn  to 
that  which  pafles  through  the  centre  of  gravity 
and.  through  the  fupport.  But  as  it  is  impoffible 
to  make  the  centre  of  gravity  flay  in  a  fixed 
place  above  the  point  of  lupport,  we  take  for 
the  true  level  the  poficion  where  this  point  is  in¬ 
different  to  fall  either  on  one  fide  or  the  other. 

It  will  perhaps  be  fa  id ,  that  this  principle  is 
not  fo  juft  as  that,  where  the  heavy  body  is  fuf¬ 
pended  by  a  flexible  body  ;  but  if  we  make  the 
leaft  reflection  upon  thefe  fufpenfions,  we  fhall 
fee  that  there  are  very  great  irregularities  caufed 
by  the  nature  of  thefe  bodies  ;  befides,  if  the 
whole  machine  is  expofed  to  a  little  wind,  it  is  in 
a  continual  fnaking  and  agitation,  and  it  is  im¬ 
poflible  to  determine  the  level.  I  fay  nothing  of 
the  remedies,  that  are  brought  to  thefe  fhakings, 
as  of  plunging  the  weight  lufpended  to  the  ma¬ 
chine  in  water  or  oil  to  flop  the  vibrations,  fince 
even  this  remedy  has  great  inconveniences,  and 
yet  is  not  fufficient. 

This  which  I  propofe  is  firm,  folid  and  fteady, 
being  once  well  conflruded,  and  it  may  be  car¬ 
ried  about  as  we  pleafe,  without  being  afraid 

I)  d  2  that 
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that  it  may  alter ;  and  if  it  makes  any  alteration, 
it  will  be  very  eafy  to  redlify  it  without  changing 
its  place,  or,  as  we  fay,  a  fingle  ftation. 

The  new  fights  upon  glafs,  as  I  have  propofed 
them  to  the  academy,  and  as  they  are  defcribed 
in  the  memoirs  of  1 700,  and  in  my  agronomical 
tables,  give  it  alfo  a  very  great  advantage  above 
all  the  reft  *,  for  thefe  fights  are  unalterable  by  all 
the  changes  of  the  air,  and  cannot  be  fpoiled  by 
any  other  accident  whatever,  tho’  they  fhould  be 
at  leaft  as  fine  and  (lender,  as  the  threads  of  a 
filk-worm,  which  have  been  hitherto  confidered 
as  the  moft  fit  to  make  exadt  obfervations  with. 
It  is  very  eafy  to  make  them,  fince  it  is  only  a 
little  line,  or  very  fine  ftroke,  marked  with  a 
diamond  upon  a  little  bit  of  glafs,  which  is  fixed 
to  the  focus  of  the  objedt-glafs  of  the  telefcope  ; 
for  the  centre  of  the  objedt-glafs  is  in  the  room  of 
an  objedt- fight,  and  the  ftroke  upon  the  glafs 
ferves  for  an  eye- fight.  It  is  eafy  to  judge,  that 
this  eye-fight  cannot  fuffcr  any  alteration  or 
change,  either  by  heat  or  cold,  by  little  infedls 
which  fix  themlelves  to  the  filk,  by  touching  it, 
or,  in  fine,  by  carrying  the  inftrument  in  any 
manner  whatever  *,  tor  it  will  be  as  folid  as  the 
objedt-fight. 

The  principal  part  of  this  level  is  an  iron  rule, 
which  bears  at  its  extremities  the  fights  or  diop¬ 
ters,  which  are  an  objedt-glafs  ot  a  telefcope 
for  the  objedt-fight ;  and  for  the  eye-fight,  a 
little  bit  of  glafs  with  a  little  ftroke,  as  I  have 
iuft  find.  This  glafs  runs  in  a  frame  or  groove, 
that  it  may  be  flopped  at  what  height  we  pleale. 
This  rule  is  inftead  of  the  body  of  a  telefcope, 
which  has  no  eye- glafs,  and  has  no  other  tube 
than  the  whole  box,  which  is  blacked  on  the  in- 
fide  and  v/ell  doled. 


There 


Royal  Academy  ^/'Sciences.  205 

There  is  under  this  iron  rule  another  rule  placed 
upon  the  ground,  which  ferves  to-  make  it  more 
firm,  and  has  in  the  middle  another  piece  of  iron 
or  brafs,  about  f  of  the  length  of  the  firft,  with 
which  it  is  placed  in  a  fquare.  This  piece  in- 
creafes  in  width  at  the  bottom,  io  that  the  breadth 
is  perpendicular  to  rhe  length  of  the  rule  of  the 
telefcope.  At  the  extremity  of  this  piece  are  fol- 
dered  on  both  fides  the  pivots,  upon  which  the 
machine  moves  •,  and  confequently  as  the  whole 
body  of  the  level  is  moved  when  the  pivots  are 
pretty  near  upon  a  level,  the  telefcope  rifes  and 
falls  in  its  motion. 

% 

There  is  a  little  care  required  in  the  conftruc- 
tion  of  the  pivots.  Their  cut  muff  be  in  form 
of  a  very  acute  lozenge,  with  a  fharp  point, 
both  at  top  and  bottom  ;  for  it  is  by  thefe  places 
that  the  whole  level  is  fuftained  upon  the  fupport. 

The  pivots  are  of  tempered  fteel,  and  the  place 
where  they  bear  upon  the  fupport  is  a  little  hol¬ 
low,  altho*  fharp,  that  in  the  motion  of  the  level, 
they  may  not  get  from  either  fide.  There  are  two 
fimilar  cavities  oppofite  to  one  another  for  an  ufe 
which  we  fhall  hereafter  explain. 

The  Jupports  are  faftened  with  fcrews  to  a  par¬ 
ticular  piece,  which  is  of  wood,  and  this  piece  is 
held  in  the  bottom  of  the  box  with  fcrews,  in 
fuch  a  manner,  that  it  may  be  drawn  out  of  the 
box  with  the  whole  level  which  refis  upon  its  fup- 
ports. 

Thefe  fupports  are  made  of  a  flat  piece  of  tem¬ 
pered  fteel,  in  which  are  two  round  apertures,  of 
which  the  inner  one  is  blunted,  to  fuftain  the 
pivots  of  the  level,  and  to  be  firm  enough  not  to 
Spoil,  in  the  motion  of  the  level. 

The  box  that  inclofes  the  level,  may  be  made 
of  what  figure  you  pleafe  on  theoutfide;  but 

the 
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the  whole  level  being  of  the  figure  of  a  T,  the  box 
ought  to  be  pretty  near  the  fame  figure,  and  it 
mult  hold  the  inftruments  in  fuch  a  manner, 
that  it  has  only  liberty  to  move  a  little  on  each 
fide.  At  the  two  extremities  of  the  upper  part 
of  the  box,  which  is  the  tranfverfe  of  the  T, 
there  are  two  round  covers,  to  one  of  which  is 
fixed  the  end  of  the  tube,  where  the  porte  ocu - 
laire  enters ;  for  the  eye-glafs  is  not  fattened  to 
the  telefcope,  and  we  may  by  this  means  bring  it 
nigher  or  farther  from  the  eye- fight-,  according 
to  the  ftrength  of  the  obferver’s  light.  The  a- 
perture  of  the  other  end  of  the  box  ferves  to  let 
the  rays  of  the  objects  pafs,  which  meet  the  ob- 
je6t-glafs,  or  object- fight. 

Toward  the  eye-glafs  at  the  lower  part  of  the 
length  of  the  box,  is  a  pretty  long  lerew,  which 
moves  in  a  nut  fixed  to  the  box.  This  fertw 
ferves  to  raife  the  end  of  the  iron  rule,  as  occa- 
fion  requires.  The  furrows  of  this  ferew  are 
very  fine  to  raife  the  rule  as  it  were  infenfibly  by 
turning  the  ferew. 

Oppofite  to  the  ferew,  that  is,  in  the  top  of 
the  crofs-way  of  the  box,  there  is  within  a  very 
flender  fpring,  which  is  held  to  the  box  by  the 
extremity  fartheft  from  the  eye-glafs,  and  at  the 
other  it  bears  a  peg  with  a  button,  which  paffes 
to  the  out- fide  of  the  box.  This  peg  ferves  to 
drive  the  fpring  downwards  •,  for  in  its  natural 
ftate  it  is  applied  againft  the  top  of  the  box  on  the 
infide. 

There  is  at  the  ferew  a  re.paire>  or  mark,  to 
Jet  it  into  the  nut  juft  in  this  place,  and  then  the 
rule  of  the  telefcope,  being  retted  upon  the 
ferews,  the  telefcope  is  over-againft  the  apertures 
of  the  box. 


There 
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There  is  then  nothing  to  be  done  but  to  place 
the  fights,  fo  that  their  true  line  be  perpendicu¬ 
lar  to  the  plane,  which  paffes  through  the  centre 
of  gravity  of  the  whole  level,  and  through  the 
line  of  the  fupports,  and  this  is  called  rectifying 
it  i  and  as  all  the  parts  that  compofe  it  are  folids, 
being  once  well  rectified,  it  will  not  afterwards 
change  :  wherefore  it  is  fufticient  to  reCtify  it  well 
in  conftruCting  it,  by  fome  of  the  ways  which 
are  explained  in  M.  Picard’s  treatife  of  levelling, 
by  eftablifhing  two  points  of  level,  and  alfo  with 
the  level  without  being  rectified. 

To  rectify  the  level. 

Suppofing  then  that  we  have  two  points  of  le¬ 
vel  A  and  B,  about  100  toifes  diftant  from  one 
another,  we  place  the  telefcope  at  one  end  of  thefe 
points  as  A,  and  point  ic  toward  the  ether  point 
B,  railing  or  finking  the  box  gently.  And  when 
the  objeCt  B  appears  upon  the  eye-fight,  if  the 
rule  of  the  telefcope  is  placed  upon  the  point  of 
the  ferew,  and  it  is  not  in  a  (late  of  filling  for¬ 
ward,  that  is,  toward  the  objeCt-glo {>  which  we 
may  know  by  pufhing  or  railing  the  ■  ;1  a  l;~de, 
by  turning  the  ferew  •,  for  then  the  tel  Top-.  falls 
lower,  and  it  is  alfo  placed  upon  the  i  r  ev>-  "This 
fhews,  that  the  pare  of  the  whole  level,  whf  ,1  is 
towards  the  eye-glafs,  is  too  heavy  ;  therefore 
the  part  of  the  rule  toward  the  objeCl-glafs  mu 
changed,  by  means  of  a  little  weight  which  fh  *'  ,  1 

upon  the  rule,  and  may  be  (lopped  in  whatfoex  er 
place  we  pleafe  with  a  little  ferew,  or  only  charg¬ 
ing  it  with  a  little  foft  wax  and  lead.  We  charge 
this  part  of  the  rule  fo  much,  that  the  fights  being 
pointed  toward  the  objeCl  B,  are  indifferent  to 
reft  upon  the  point  of  the  ferew,  or  to  fall  for¬ 
ward,  and  then  it  will  be  rectified. 

1  But 
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But  if  at  firlt  the  fights  being  pointed  toward 
the  objeCt  B,'  the  rule  cannot  keep  upon  the 
fcrew  *,  we  fhall  know  by  that  the  part  of  the 
level  toward  the  eye-glafs  is  too  light,  and  then 
it  muft  be  charged  as  was  done  in  the  other  cafe, 
till  the  level  is  in  an  indifferent  {fate  of  falling  or 
retting  upon  the  point  of  the  fcrew  ;  and  then 
the  level  wiil  be  rectified. 

We  might  alfo,  inflead  of  charging  the  rule 
on  either  fide,  raife  or  fink  the  eye- fight  in  its 
frame,  till  the  level  was  juft *,  which  we  might  do 
if  the  level  is  not  far  from  being  juft. 

We  fhall  obferve,  that  in  thefe  operations  every 
time  that  the  telefcope  falls  forwards,  it  is  re¬ 
placed  upon  the  poiqt  of  the  fcrew,  by  pufhing 
thefpringat  the  top  of  the  box,  which  drives  the 
frame  of  the  eye-fight  downwards,  and  by  that 
means  replace  the  rule  upon  the  point  of  the 
fcrew. 

As  this  level  may  be  put  in  a  reverfe  fituation, 
which  is  when  the  telefcope  is  below  the  pivots, 
we  mud  explain  what  ought  to  be  obferved  in 
the  conftruCting  of  it  to  ferve  in  this  flate. 

It  is  certain,  that  if  the  pivots  were  a  mathe¬ 
matical  line,  when  the  level  is  reverfed,  it  would 
point  to  the  fame  place  where  it  pointed  in  its 
right  fituation,  provided  that  this  place  was  per¬ 
fectly  level  with  the  place  where  the  level  is  fi- 
tuated  ;  and  to  reCtify  it,  we  need  only  aim  the 
telefcope  at  the  fame  point  in  the  two  fituations 
of  the  level,  by  increafing  or  diminifhing  by  de¬ 
grees  the  weight  of  one  of  the  ends  of  the  rule. 
But  as  the  pivots  mult  have  a  confiderable  thick- 
nefs  to  make  them  folid,  it  may  happen  that  the 
plane,  which  pafies  thro’  the  centre  of  gravity 
of  the  whole  level,  and  through  the  line  where 
the  pivots  reft,  will  not  be  the  fame  in  the  two 

fituations 
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fituations  of  the  level ;  it  muft  be  rectified  in  the 
reverfed  pofition,  the  fame  as  in  the  right.  But 
as  we  muft  not  change  the  fights  which  are  rec¬ 
tified,  for  the  right  polition,  we  muft  correct 
the  place  of  the  pivots,  where  they  bear  upon  the 
fupport  in  the  reverfe  pofition. 

The  level  being  therefore  reverfed,  if  the  fights 
do  not  give  the  fame  point,  as  in  the  right  fitu- 
ation  rectified*  the  pivots  muft  be  filed  a  little 
to  drive  the  point  toward  the  object  glafs,  if  the 
fights  fall  too  low  in  the  reverfe  fituation,  or  to¬ 
ward  the  eye-glafs  if  they  rife  too  high. 

The  pivots  may  alfo  be  made  in  another  man¬ 
ner,  fo  that  the  plane  which  fhall  pafs  through 
the  centre  of  gravity  of  the  inftrument,  and 
through  the  place  where  the  pivots  reft,  fhall 
be  the  fame  both  in  the  right  and  reverfed 
fituation  of  the  level,  and  thus  we  may  rectify 
this  level  from  a  fingle  ftation,  without  having 
a  line  of  level. 

In  this  fecorid  manner,  the  pivots  muft.  be 
cylindrical,  and  very  well  turned  and  polifhed, 
in  the  places  where  they  bear  upon  and  touch 
their  fupports,  which  ought  to  be  a  little  hollow 
like  a  puliy.  Befides,  the  bottom  and  top  of 
the  hole  of  the  fupport  which  luftains  the  pivots, 
muft  be  almoft  in  a  right  line,  that  the  pivots 
may  not  touch  fenfibly  but  in  one  point. 

It  is  evident,  that  in  this  conftru&ion  of  the 
pivots,  the  centre  of  gravity  of  the  level,  and  the 
line  which  fhall  pafs  thro’  the  places  where  the 
pivots  reft  in  the  two  fituations  of  the  level,  wijl 
be  always  in  the  fame  plane,  which  fhall  alfo 
pafs  thro’  the  axis  of  the  cylinder  of  the  pivots. 

This  fufpenfion  of  the  level  is  not  fo  nice  as 
the  firft,  becaufe  the  place  of  the  pivot,  where 
it  touches  upon  the  fupport,  is  of  a  circular  fi- 
Vol.  II.  N°.  18.  Ee  gure. 
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gure,  and  in  the  firft  it  is  of  a  pointed  figure  a 
little  blunted. 


The  ufe  of  the  level. 

To  make  ufe  of  this  level,  we  muff  firft  put 
the  ferew  to  its  mark,  that  the  fights  may  be 
over  againft  the  apertures  of  the  box.  After¬ 
wards,  by  the  means  of  the  fprings,  we  drive  the 
rule  of  the  telefcope  againft  the  end  of  the  ferew, 
in  fuch  a  manner,  that  it  does  not  fall  from  the 
other  fide, which  is  eafy  to  do  by  inclining  the  box  \ 
and  in  this  ftate,  the  rule  of  the  telefcope  being 
placed  upon  the  lcrew,  without  the  fpring  hold¬ 
ing  it,  we  bend  the  box  by  degrees  toward  the 
end,  where  the  objedt  glafs  is,  till  the  telefcope 
Falls  on  that  fide.  Then  we  hold  the  box  as  firm 
as  pofiible  in  this  ftate,  either  upon  a  foot  or  againft 
fome  other  folid  body  ;  the  telefcope  muft  be  then 
pointed  toward  the  object,  that  we  would  level, 
and  we  ought  to  obferve  exactly  the  part  of  the 
objeeft  that  appears  upon  the  ftroke,  which  ferves 
for  an  eye-fight.  But  as  I  fuppoie  the  telefcope 
to  be  placed  upon  the  ferew,  we  muft  pufh 
the  ferew  gently,  till  the  telefcope  falls  on 
the  other  fide,  and  obferve  well  the  part 
of  the  objedt,  which  appears  upon  the  ftroke, 
when  tne  telefcope  falls ;  and  to  be  allured  of  it 
we  muft  drive  back  the  telefcope  upon  the  ferew 
by  means  of  the  fpring,  and  obferve  if  it  falls 
again  ;  and  if  the  lame  objedl  appears  upon  the 
ftroke  of  the  glafs,  which  appeared  there  before. 
We  fhould  then  undo  a  very  little  part  of  the 
ferew,  and  driving  back  the  telefcope  upon  the 
lcrew,  obferve  what  difference  there  fliall  be  be¬ 
tween  the  objedl,  which  fliall  appear  upon  the 
ftroke  in  this  ftate  of  the  telelcopc,  and  that 
which  appeared  there  before.  It  muft  alfo  be 
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confidered,  if  the  telefcope  refts  then  upon  the 
fcrew,  or  if  it  falls  again  from  the  other  fide; 
for  to  have  the  point  of  the  level  juft,  the  telefcope 
being  placed  upon  the  end  of  the  fcrew,  muft  be 
in  a  (late  of  falling  on  the  other  fide,  without 
falling,  and  we  cannot  raife  it  the  leaft  with  the 
fcrew  without  its  falling  ;  it  is  then  that  the  ob¬ 
ject,  which  appears  in  the  telefcope  upon  the 
ftroke  of  the  fight,  is  in  a  level  with  the  firoke 
of  this  fight. 

What  I  fay  of  the  level,  muft  always  be  un- 
derftood  of  the  apparent  level,  with  relation  to 
the  place  where  the  inftrument  is,  which  ferves 
to  level,  as  it  is  explained  in  the  treatife  of  le¬ 
velling  *,  for  to  have  the  true  level  correfponding 
to  that  where  the  inftrument  is  placed,  we  muft 
make  the  correction  to  the  apparent  point  of  le¬ 
vel,  with  relation  to  the  diftance  between  the 
place  where  the  inftrument  is,  and  the  point  le¬ 
velled  ;  but  we  do  not  here  treat  of  the  practice 
of  levelling. 

One  of  the  advantages  of  this  level  is,  that 
it  may  be  reverfed,  and  ferve  again  to  level  in 
this  fituation,  without  any  preparation  or  change  ; 
and  tho’  it  has  then  fome  vibrations,  they  Jaft  but 
a  little  while  ;  for  they  come  only  from  the  body 
of  the  inftrument,  and  not  from  the  motion  of 
the  box,  which  muft  be  held  firm,  but  without 
any  fubjeCtion,  fince  it  lofes  nothing  of  thejuft- 
nels  of  the  level,  we  may  alfo  eafily  flop  the 
fhaking  of  the  level,  by  fupporting  gently  the 
fpring  againft  the  frame  of  the  fight,  and  by 
letting  it  afterwards  replace  in  its  natural  ftate. 

The  fize  of  this  level  is  not  at  all  determined  ; 
for  the  greater  the  telefcopes  are,  the  more  diftinCt 
the  diftant  objeCts  will  appear  ;  but  it  will  be 
much  more  inconvenient  to  be  carried  about. 

E  e  2 
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1  have  proved  that  one  of  thefe  levels,  whole 
height  and  length  was  but  io  inches,  determined 
the  level  to  near  3  or  4  inches  at  a  diftance  of  iqoo 
toifes,  which  is  all  we  can  hope  from  a  level, 
fince  an  objedt  of  this  bignefs,  at  this  diftance, 
is  entirely  covered  by  a  fingle  thread  of  filk. 

We  may  make  life  of  different  fuppOrts  ;  but 
one  of  the  moft  convenient  ways  for  practice,  will 
be  to  fix  the  box  of  the  level  very  firm  with  a 
fcrew,  againft  the  crofs  of  a  painter’s  eafel,  which 
is  folid  i  we  might  alfo  hold  it  only  in  the  hand, 
and  bear  it  againft  fome  very  liable  body,  whilft 
the  operations  are  performed. 

It  muft  be  obferved,  that  when  we  would 
tranfport  this  level,  the  pivots  fhould  not  bear 
at  all  upon  their  fupport,  which  will  be  very 
eafy,  if  thefe  pivots  jut  a  little  out  of  the  box, 
and  if  there  is  in  this  place  upon  the  box  two 
forts  of  hooks,  which  are  engaged  in  the  ends 
of  the  pivots,  and  hold  all  the  level  raifed  out 
of  the  fupports.  We  might  alfo  fix  the  telefcope 
againft  the  end  of  the  lerew,  by  means  of  the 
fpring,  which  fhall  be  refted  upon  the  fight ; 
but  if  we  would  open  the  lid  of  the  box,  we 
might  engage  the  whole  level  between  fome 
bracket?,  which  will  hinder  it  from  balancing 
on  one  fide  or  other,  in  carrying  it  a  long  jour¬ 
ney. 
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I.  On  the  different  heights  of  the  Seine  at 
different  times ;  tranjlated  by  Mr.  Cham¬ 
bers. 

EVERY  thing  is  to  be  obferved,  and  the 
prefent  obfcurity  of  phyficks  is  not  more 
owing  to  this,  that  caufes  are  hid,  than  that  effects 
themfelves  are  yet  undifcovered.  IVL  Amontons 
had  begun  to  procure  obfervations  of  the  diffe¬ 
rent  heights  of  the  Seine,  at  different  times,  by 
means  of  a  friend,  whofe  houfe  was  commodi- 
oufly  fituate  for  that  end,  and  who  had  taken  a 
fixed  point  on  the  maffive  of  Pont-Neuf \  which 
fupports  the  equeftrian  flatue  of  Hettry  IV. 
Hence  he  told  day  by  day  the  rifings  or  fall¬ 
ings  of  the  Seine,  upon  an  immovable  fcale 
fitted  thereon,  which  he  could  obferve  with  a 
telefcope.  M.  Amontons ,  having  the  journal  of 
thefe  obfervations,  from  the  14th  of  September , 
1703,  to  the  laft  of  7 December,  1704,  digeftcd 
them  in  the  following  manner. 

He  divided  the  whole  into  rlfes  ffnd  falls  of 
water,  noting,  iff,  for  infhnce,  how  many  days 
the  water  continued  rifing  from  the  beginning  of 
the  obfervations,  and  how  much  it  had  role  ; 
then  how  many  days  it  continued  falling,  and 

what 
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what  the  whole  fall  was ;  then  again,  how  many 
days  it  had  rifen,  and  fo  on. 

By  the  bare  journal  of  thefe  obfervations  it 
appeared,  at  what  time  of  the  year  the  water  had 
been  higheft  or  lowed ;  how  much  it  had  been 
higher  one  year  than  another,  (Ac.  and  by  this 
divifion  of  the  obfervations,  into  rifes  and  falls, 
the  number  of  riks  and  falk  each  year,  wi"h  rheir 
duration,  magnitude,  and  other  relations,  exactly 
appeared. 

For  an  inftance,  from  the  14th  of  September , 
1703,  to  the  10th  of  February ,  1704,  there  ap¬ 
peared  to  have  been  8  rifes,  all  which  together 
made  223  inches,  and  it  continued  77  days; 
that  from  the  10th  of  February  1704,  to  the 
1 8th  of  September  following,  there  had  been  8 
more  elevations,  which  only  made  163  inches, 
and  it  continued  70  days.  Hence  M.  Amontons 
inferred,  that  the  rains  whereby  the  Seine  is 
fwelled,  had  been  more  hafty,  and  fucceeded 
each  other  fafler  from  the  autumnal  equinox  of 
1703,  to  the  vernal  equinox  of  1704,  than  from 
this  laft  equinox,  to  the  autumnal  one  following  ; 
inafmuch,  as  the  fum  of  the  former  elevations 
was  almoft  double  that  of  the  latter,  tho’  in 
times  nearly  equal. 

As  to  the  different  falls  of  the  water  in  the 
fame  times,  their  quantity  bore  a  nearer  rela¬ 
tion  to  their  duration  ;  hence  in  may  be  inferred, 
that  as  the  waters  do  not  fall  fo  readi!y  as  they 
rife,  5cis  probable  that  rivers  while  they  are  high, 
fend  waters  into  the  ground,  which  return  to 
them  again,  and  ferve  to  fupport  them. 

Thefe  notions  we  only  give  as  a  fpecimen,  of 
the  confequences  that  might  be  drawn  from  a 
fufficient  number  of  juft  obfervations,  upon  the 
heights  of  rivers  at  different  times ;  they  who 
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have  any  relifh  for  philofophy,  and  have  oppor¬ 
tunities  of  making  them,  we  hope  will  be  invited 
hereby  to  put  their  hands  to  the  plow. 

II.  Of  a  proper  vefel  in  which  bodies  ai  e  to 

be  expo  fed  to  a  burning  mirror . 

The  bodies  which  are  expofed  to  the  burning 
mirror  of  the  royal  palace,  can  only  be  put  into 
a  great  hollow  coal,  becaufe  all  other  veflfels  either 
melt  or  break  with  fo  great  a  fire.  But  M.  Bom¬ 
ber g  has  obferved,  that  this  coal  muft  be  of 
green  wood,  and  not  of  dry.  The  latter  is  full 
of  cracks,  becaufe  when  they  make  it,  the  flame 
*  paflfes  thro’  the  wood  with  too  much  rapidity, 
and  in  too  great  a  quantity,  and  confequently 
it  is  lefs  proper  to  contain  the  bodies  in  fuflon, 
which  we  would  preferve. 

III.  Of  fome  extraordinary  lights  feen  in  the 

heavens . 

Father  Laval  a  jefuit,  who  is  at  Marfeilles  ; 
and  Meffl  de  Plantade  and  Clapies ,  who  are  at 
Montpellier ,  fent  to  M.  Caffini ,  with  feveral  aftro- 
nomical  obfervations,  the  account  of  a  luminous 
phenomenon ,  which  had  been  feen  Dec.  26,  1704, 
at  5h  30',  in  the  evening  at  Marfeilles ,  and  at  rf 
^  at  Montpellier.  We  cannot  doubt  by  the  cir- 
cumftances  of  the  two  accounts,  but  that  they 
were  the  fame.  At  Marfeilles ,  where  it  was  belli 
obferved,  F.  Laval  faw  a  very  luminous  beam 
driven  pretty  flowly  from  E.  to  W.  the  wind 
was  E.  It  came  from  near  Venus ,  at  lead  as; 
could  be  judged  by  the  eye,  and  went  to  thd 
fea  where  it  plunged,  at  moll  two  leagues  broad.) 
There  were  feen  before  at  Marfeilles ,  or  there- 
1  abouts,! 

■  ^1 
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abouts,  2  beams  like  this,  and  having  the  fame 
motion.  At  Montpellier  they  faw,  at  the  hour 
mentioned,  a  globe  of  fire  fall  at  lome  diflance 
from  the  city.  The  air  was  then  very  clear  and 
calm,  and  a  faint  yellow  colour  tinged  all  the  W. 
for  more  than  10  degrees  in  height. 

IV.  Of  an  unufual  jmell  in  the  'wines  of 

Anjou. 

M.  Lemery  was  told  by  M.  Belijle ,  apothecary 
at  Angers,  that  the  bell  wines  made  at  Anjou 
in  1704,  had,  in  a  fortnight  or  month  after  they 
were  made,  a  fmell  of  burnt  horn,  which  only 
increafed  with  time.  It  always  retained  it  very 
much,  altho’  they  changed  the  calks. 

V.  Of  fome  extraneous  fojjils  found  at  Anjou. 

The  fime  M.  Belijle  found  at  Anjou ,  in  a 
fhallow  quarry,  very  d  iff  ant  from  rivers  and 
ponds,  fome  of  the  pretended  tongues  of  fer- 
pents  petrified,  fuch  as  are  found  at  Malta , 
and  which  are  in  reality  the  teeth  of  fharks  pe¬ 
trified. 

He  found  alfo  in  a  quarry,  where  the  {lone 
is  very  foft  and  hardens  afterward  in  the  air,  an 
infinite  number  of  little  figures  of  fhells,  which 
in  fome  places  had  only  the  firft  traces,  and 
were  a  fort  of  embryos;  in  others  they  were 
more  formed,  and  in  others  petted:. 

We  may  add  to  theie  ohfervations.  what  has 
been  laid  upon  the  fame  fubjed,  in  the  hill,  of 
1703  *. 

*  Page  13  of  this  volume. 
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VI.  Of  a  fort  of  bee -hives ,  found  in  flones 
in  the  Upper  Egypt. 

M.  Dodart  having  received  from  M.  Lippi , 
who  travelled  into  Ethiopia  with  M.  du  Rcule , 
the  king’s  envoy,  a  letter  dated  trom  Siout ,  in 
Upper  Egypt ,  Sept.  5,  1704,  which  containing 
a  Angular  fa<5t,  he  communicated  it  to  the  com¬ 
pany.  M.  Lippi  found  upon  the  mountains  of 
Siout,  at  the  entry  of  a  vafl  cavern,  a  body  of 
real  (tone  of  an  irregular  figure,  quite  porous, 
which  he  had  the  curiofity  to  open.  He  was  very 
much  furprifed  to  fee  it  all  divided  into  oval  cells 
of  3  lines  broad,  and  4  long,  placed  even  every 
way,  and  not  communicating  at  all  together,  li¬ 
ned  on  the  infide  with  a  very  fine  membrane, 
and,  what  is  the  molt  wonderful,  each  inclofing 
either  a  worm  or  a  chryfalis ,  or  a  fly  perfectly 
like  a  bee.  The  worms  were  very  hard  and  fo- 
lid,  and  might  pafs  for  petrified  j  the  chryfalides 
and  flies  were  not,  but  only  dried  and  preferved 
like  the  ancient  mummies.  Many  of  the  flies 
had  under  them  little  oval  grains,  which  feemed 
to  be  eggs.  There  was  at  the  bottom  of  many 
of  the  cells  a  thick  juice,  blackifh,  very  hard, 
which  appears  red  againft  the  light,  very  fweet, 
making  the  fpittle  yellow,  and  inflaming  it  like 
a  refin.  It  is  in  fhort  real  honey.  M.  Lippi 
imagines  that  it  is  a  natural  hive,  which  was  at 
firft  formed  of  a  loofe,  light,  and  fandy  earth, 
and  which  afterwards,  by  fome  particular  acci¬ 
dent  was  petrified.  The  animals  which  inhabited 
it  had  been  furprifed  by  the  petrificafion,  and 
were  fixed  in  the  date  in  which  they  were  then 
found.  Their  dried  mucofity  had  formed  the 
membrane  which  lined  the  cells.  When  the  hive 

was 
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was  fofr,  the  worms  and  flies  went  out  to  fearch 
for  food,  and  the  flies  made  their  honey  in  it. 

Looking  in  the  fame  place  for  new  light  into 
this  fa<5t,  M.  Lippi  found  in  many  places  the  be¬ 
ginnings  of  like  hives.  Thefe  were  as  the  firft 
bed,  formed  of  a  number  of  little  cells,  of  which 
the  moft  part  were  open,  and  contained  the  animal, 
either  in  a  worm,  a  chry falls ,  or  a  fly,  but  dry 
and  very  hard,  as  were  alfo  the  hives  that  were 
begun.  He  faw  alfo  upon  one  of  thefe  firft  beds, 
a  lecond  compofed  of  a  heap  of  little  bofles, 
about  5  lines  high,  and  an  inch  in  diameter  at 
the  bafe.  They  were  crumbling,  eafy  to  reduce 
into  powder,  and  very  like  little  mole  hills.  M. 
Lippi  opened  them  by  ftriking  them  very  light¬ 
ly,  and  he  always  found  2  or  3  oval  cells  quite 
filled  with  yellow  worms,  which  were  full  of 
juice. 

It  is  eafy  to  imagine,  that  upon  the  firft  bed 
once  formed,  there  were  others  formed  after¬ 
wards,  which  compofed  the  whole  hive;  but 
how  arc  thefe  beds  formed  ?  From  whence  comes 
the  earth  of  which  they  are  made  ?  Did  the  ani¬ 
mal  bring  it  ?  And  how  diQ  it  bring  it,  and  in 
fo  great  a  quantity  ?  We  know  no  more  yet. 
Time  can  only  bring  this  knowledge. 

VII.  Of  the  rolling  of  the  drops ,  which  fall 
from  the  alembic ,  in  the  dijhllation  of 
Jpirit  of  wine. 

M.  Ilomberg  fays,  that  in  the  diftillation  of 
fpirit  of  wine,  the  drops  which  fall  from  a- 
bout  a  foot  and  half  high  from  the  fpout  of  the 
alembic  on  the  liquor  already  diftilled,  roll  there¬ 
on  like  peafe  on  a  table,  that  from  the  greater 

height 
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height  they  fall  the  better  they  roll.  So  that 
were  they  to  fall  only  one  inch,  this  would  not 
happen,  and  alio  they  roll  fo  much  the  better  the 
hotter  they  are,  and  that  were  it  water  inftead  of 
fpirit  of  wine,  the  experiment  would  never  luc- 
ceed. 

He  fays,  that  all  the  parts  of  fulphurous  li¬ 
quors  being  impregnated  with  the  matter  or  light, 
and  their  whole  furface  being  fet  round  with  it, 
and  this  fo  much  the  more  the  hotter  they  are, 
or  that  by  the  greater  length  of  their  fall,  they 
have  collected  a  greater  quantity  of  it  in  the  air, 
this  matter  performing  the  fame  effeft  as  an  in¬ 
finite  number  of  little  points  would  do  proceeding 
outwardly,  fupport  the  drops  of  their  liquors,  and 
make  them  roll. 

VIII,  Of  the  prefervation  oj  water  in  long 

voyages. 

It  having  been  afked,  whether,  for  the  prefer¬ 
vation  of  water  in  long  voyages,  it  could  not  be 
fulphu rated  like  wine,  M.  Romberg  an fwered, 
that  wine  was  preferved  in  this  manner  only,  be- 
enuf;  the  acids,  which  it  hath  naturally,  being  not 
in  a  fufficient  quantity  in  proportion  to  the  other 
principles,  all  its  principles  would  eafily  difu  ite 
by  the  fermentation  caufed  by  the  heat  of  the 
climates  through  which  they  paffed,  or  the  meer 
motion  of  the  voyage ;  after  which  the  wine 
would  be  no  longer  wine,  but  that  the  fulphur 
gave  it  new  acids,  which  made  the  dole  of  this 
principle  funicient  j  but  that  there  could  be  no 
room  for  this  in  water,  which  is  fpoiled  only 
through  feme  foreign  matters  which  are  mixed 
with  it,  and  ferment,  or  by  the  eggs  of  worms 
which  are  hatched,  thefe  eggs  being  either  in  the 

water 


Royal  Academy  0/' Sciences.  223 

water  itfelf,  or  in  the  wood  of  the  veffels.  In 
this  laft  cafe,  a  matter  is  requifite,  which  may 
hinder  them  from  hatching  without  fpoiiing  the 
water. 

IX.  On  a  method,  of  preferring  inlaid  work 

from  the  worms. 

On  this  occafion  M.  Romberg  added,  that  a 
perfon  of  quality  in  Provence ,  not  knowing  how 
to  preferve  inlaid  work  from  the  worms  deitroy- 
ing  it  in  a  few  years,  as  it  frequently  happens  in 
that  country,  he  had  advifed  him  to  fteep  his  in¬ 
laid  work  in  water  wherein  corrofive  fublimate 
had  been  mixed,  which  fucceeded  very  well. 

-  v  4  * 

X.  Of  an  excefive  heat  felt  at  Montpellier. 

M.  de  Planta.de  wrote  to  M.  Coffin i  an  account 
of  the  excdlive  heat  which  has  been  felt  this  fum- 
mer  at  Montpellier ,  more  especially  on  the  30th 
of  July.  There  was  no  memory  of  any  thing 
that  came  near  it.  The  air  was  that  day  almoit 
as  fcorching  as  that  which  comes  out  of  the  fur¬ 
naces  of  a  glafs-houfe,  and  there  was  no  place  to 
fly  from  it  but  into  cellars.  In  many  places  they 
baked  eggs  in  the  fun.  The  thermometers  of  M. 
Rubin  broke  by  the  liquor  afeending  to  the  top. 
A  thermometer  of  M.  Amen  ions ,  which  M.  Plan - 
tade  had,  though  it  was  in  a  place  where  the  air 
could  not  freely  enter,  rofe  very  near  that  degree 
wherein  tallow  ules  to  melt.  Mode  part  of  the 
vines  were  fcorched  on  this  day  alone,  which  had 
never  happened  in  this  country.  The  aftronomers 
of  Montpellier  obferved,  that  during  this  burning 
fummer,  pendulums  went  much  too  faff. 
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Ac  Paris ,  the  6th  of  Auguft  was  much  hotter 
than  the  30th  of  July.  A  thermometer  of  M. 
Hubirfs ,  which  M.  CaJJini  had  made  ufe  of  36 
years,  broke  about  2  of  the  clock  :  it  is  there¬ 
fore  certain,  that  for  at  leaft  36  years,  it  had  not 
been  fo  hot  at  Paris . 

XI.  Of  the  effect  of  the  burning  mirror  in 

that  weather . 

Who  would  not  have  thought,  that  in  the  great 
heats  of  this  fummer  the  burning  mirror  of  the 
royal  palace  would  have  produced  greater  effects 
than  at  any  other  time?  but  it  was  quite  contrary, 
and  certainly  that  could  not  have  been  gueffed  by 
any  fyflem..  M.  Homberg  faw,  that  the  rays  of 
the  fun,  when  reunited  by  the  mirror,  had  hardly 
any  flrength,  while  the  direct  rays  alone  in¬ 
flamed  the  air.  The  reafon  which  he  imagines 
for  fuch  a  furprifing  phenomenon  is,  that  great 
heat  raifes  from  the  earth  an  infinite  number  of 
fulphurous  exhalations,  and  that  thefe  matters, 
through  that  homogeneity  which  they  have,  ac¬ 
cording  to  M.  Homberg* s  lyftem,  with  that  of 
light,  hinder,  flop,  and  in  fome  fort  abforb  the 
rays,  whether  it  be  that  they  abfolutely  intercept 
a  part  of  them,  and  hinder  them  from  falling  on  the 
mirror,  or  that  they  have  the  fame  effect  on 
them,  which  a  fcabbard  has  on  a  fword,  and 
thereby  take  from  them  that  extreme  lubtilty, 
which  is  necefiary  to  cut  hard  bodies  readily.  This 
conjedlure  is  confirmed  by  an  experiment  made  by 
M.  Homberg.  He  placed  between  the  mirror  and 
the  focus  a  chaffindifh  full  of  live  coals,  io  that 
thole  rays,  which  reached  the  focus,  palled  thro’ 
the  vapours  of  thefe  coals,  and  he  faw  that  the 
mirror  was  confiderably  weakened  by  it.  This 
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is  a  reprefentation  of  what  happens  in  great  heats, 
or  rather,  the  very  thing  in  miniature.  Alfo  IVL 
Homberg  has  always  obferved,  even  in  moderate 
and  common  heats,  that  when  the  fun  has  ap¬ 
peared  many  days  together*  the  effect  of  the 
mirror  is  not  fojgreat,  as  when  the  fun  fird  appears 
immediately  after  a  great  rain.  The  reafon  is, 
that  this  rain  hath  precipitated  the  fulphurous  mat¬ 
ters,  and  cleanfed  the  air.  That  trembling  of  the 
light,  which  has  always  been  obferved  with  large 
telefcopes,  and  which  in  very  great  gnomons 
makes  the  end  of  the  ftiadow  uncertain,  is  very 
naturally  explained,  by  the  fydem  of  M.  Horn - 
berg9  and  is  a  new  proof  of  it. 

On  this  reflexion  may  be  made,  that  the  burn~ 
ing  mirror,  which  is  a  new  furnace  for  chymids, 
infinitely  fuperior  to  the  old  common  furnaces, 
hath  this  inconvenience,  that  it  cannot  be  but  fel- 
dom  made  ule  of,  at  lead  with  full  force.  It 
mud  be  in  the  fummer,  between  the  hours  of  9 
and  3,  the  fun  mud  fhine,  no  clouds  mud  pais 
over  it  during  the  whole  time  of  the  operations, 
the  days  mud  be  of  a  moderate  heat,  and  mud 
not  have  been  preceded  by  many  dry  days.  There 
are  fome  years,  in  which  it  would  be  difficult  to 
find  a  week  of  fuch  days. 

j£JI.  Of  the  yellow  amber  j  tranjlated  by 

Mri  Chambers. 

The  marquis  de  Bonac9  the  king’s  envoy  ex¬ 
traordinary  at  the  court  of  Sweden ,  having  feeu 
fome  foffil  amber  in  the  lands  of  M.  Grata ,  pod- 
mader-general  of  PruJ[ia9  near  the  city  of  Dant - 
zic ,  which  appeared  of  the  fame  nature,  as  that 
found  on  the  fea-coad,  began  to  confider  that 
mixed  more  narrowly  than  before,  and  to  doubt 
Vol,  II.  NQ.  1&,  Gg  whether 
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whether  it  were  really  form’d  of  the  froth  of  the 
fea,  as  is  commonly  iuppofed  •,  and  the  cardinal 
primate  of  Poland ,  who  was  with  him,  and  had 
the  like  curiofity,  moved  him  to  afk  the  opinion 
of  the  academy  hereupon.  M.  de  Bonac  wrote 
accordingly  to  Paris ,  and  the  academy  was  in¬ 
duced  hereby  to  colled  all  they  could  learn  on 
this  head,  the  refult  whereof  was  remitted  to  the 
marquis  in  the  following  memoir. 

As  not  only  the  fined  but  the  greateft  quantity 
of  amber  comes  from  the  two  Pruffias ,  the  aca¬ 
demy  is  lefs  acquainted  therewith,  than  thofe  pef- 
fons  may  be,  who  are  pleafed  to  confult  it ;  yet 
we  fhall  fpeak  what  we  can  learn  of  it  from  oirr 
own  knowledge,  and  add  fome  re  fled  ions  thereon, 
without  enquiring  what  other  authors  have  wrote 
of  it,  as  taking  it  for  granted  thofe  authors  are 
known,  and  that  it  is  not  a  collection  that  is  re- 
required  of  us.  Me  (T.  CaJJini  and  Mar  aid: ,  travel¬ 
ling  in  1700  into  the  the  fouthern  provinces  of 
France ,  on  account  of  continuing  the  meridian 
of  France ,  found  feveral  mines  of  jet,  and  one  of 
a  kind  of  amber,  in  a  mountain  of  Languedoc 
Bugarache ,  which  is  upwards  of  27600  fathoms 
from  the  fea,  and  divided  by  other  high  moun¬ 
tains  therefrom.  Some  take  jet,  as  well  as  yellow 
amber,  for  a  fpecies  of  fuccinum  ;  and  ’tis  certain 
the  inhabitants  of  Bugarache  make  ufe  of  their 
amber  to  burn  in  their  lamps.  ’Tis  much  like  a 
refin,  and  inferior  by  many  degrees  to  the  Pruf- 
fian  amber  in  harclnefs ;  near  the  mines  of  Buga - 
rache ,  there  are  fprings  of  fait- water,  which 
form  a  little  river. 

In  the  hiftory  of  the  academy  for  the  year  1 700,- 
5tis  mentioned,  that  there  is  amber  found  in  the 
clefts  of  the  moil  barren  and  naked  rocks  of 
Provence ,  which  is  further  confirmed  in  the  h'i- 

'  ftofy 
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(lory  for  1703*;  and  we  are  aflured,  by  the 
mod  creditable  relations,  that  there  is  amber  like- 
wife  found  in  S 'icily  along  the  coafts  of  Agri- 
gentum ,  Catania ,  and  Leocata ,  as  alfo  in  the 
ifland  of  Corftca ,  and  even  about  Bologna  in 
Italy ,  and  in  Umbria ,  far  diftant  from  the  lea  ; 
add  to  this,  that  M.  de  Bonac  himfelf  relates, 
that  he  had  feen  amber  dug  out  of  the  grounds 
of  M.  Grata ,  which  were  divided  from  the  fea, 
by  large  woods  and  great  mountains;  all  which, 
feems  to  evince,  that  this  matter  is  a  natural  pro¬ 
duction  of  the  earth,  nor  muft  it  be  omitted,  that 
we  find  little  animals  inclofed  in  amber,  and  that 
thefe  animals  are  always  of  the  terreftrial  kind,  as 
flies,  pifmires,  &c, 

,  However,  for  the  greater  fecurity,  it  might  be 
proper  to  examine,  whether  the  terreftrial  am¬ 
bers  have  all  the  characters  and  perfections  of  the 
amber  found  on  the  fea  fhores ;  for  ’tis  no  way 
impoffible,  but  that  the  fea  may  finifh  the  pre¬ 
paration  of  this  matter,  and  contribute  by  its  fait 
to  give  it  the  laft  degree  of  coCtion. 

Suppofing,  however,  that  amber  were  always 
produced  by  the  earth,  at  leaft  its  origin,  or  firft; 
formation,  it  remains  to  be  enquired,  whether  it 
be  of  the  vegetable  or  mineral  nature. 

We  have  never  heard  of  any  trees  in  PruJJia 
that  diftil  amber,  or  any  thing  like  it  in  form  of 
a  refin  *,  and  yet  it  would  be  more  natural  to  fup- 
pofe,  that  the  ants  and  flies  fometimes  feen  [in 
it,  and  which  plainly  confefs  it  to  have  once  been 
liquid,  had  been  inclofed  in  a  refin  oozing  from 
fome  tree,  than  in  a  mineral  formed  in  the  ground. 
To  get  over  this  difficulty,  we  muft  fuppofe  that 
the-  amber  had  trickled  from  fome  rock,  or  at 
leaft  that  fuch  pieces,  wherein  thefe  animalcules 

*  See  pag  7  of  this  volume. 
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are  found,  had  remained  fometime  fluid  on  the 
fur  face  of  the  earth. 

But  whether  we  fuppofe  amber  to  be  vegetable 
or  mineral,  no  body  pretends  to  have  ever  feen 
it  liquid,  or  barely  foft *,  and  yet  it  muft  have 
been  both,  and  even  expofed  to  fight  at  the  time 
when  the  animals  were  buried  in  it. 

The  analyfis  of  this  fubftance  made  by  the 
chymifts  of  the  academy,  does  not  finally  deter¬ 
mine  which  clafs  it  belongs  to.  They  have  al¬ 
ways  found  a  very  fmall  quantity  of  aqueous  li¬ 
quor  in  it,  which  had  the  fmell  of  rubbed  amber, 
a  great  quantity  of  volatile  acid  fait,  and  (lore  of 
oil,  part  of  it  whitifh  like  water,  part  brownifh, 
and  part  very  black,  according  to  the  degrees  of 
fire  that  had  been  given  it  in  the  diftiliation.  The 
caput  mortuum  left  behind  was  light,  fpongeous, 
black,  and  gloflfy  ;  and,  being  calcined  by  a 
naked  fire,  went  moftly  off  in  fmoak,  and  yielded 
no  fixed  fait. 

The  only  difference  between  the  analyfes  of 
different  ambers  confifts  in  this,  that  the  moft 
tranfparent  and  whiteft  yield  more  oil  and  volatile 
fait,  and  lefs  caput  mortuum,  than  the  darker  kind ; 
which  laft,  however,  notwithftanding  their  ftore 
of  caput  mortuum,  afforded  no  fixed  fait. 

The  oil  of  amber  has  the  fmell  of  a  bitumi¬ 
nous  oil,  which  fhould  indicate  amber  to  be  a  bi¬ 
tumen  ;  but  there  are  fome  refins,  whofe  diftilled 
oil  has  the  fame  fmell  \  and  there  are  others,  as 
benjoin,  which  yield  a  volatile  acid  fait. 

But  we  know  of  none,  which  at  the  fame 
time  yields  both  a  volatile  acid  fait,  and  an  oil 
with  a  bituminous  fmell ;  whence  the  academy  is 
mod  inclined  to  take  amber  for  a  bitumen,  and 
confequendy  for  a  mineral. 

*Ti$ 
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#Tis  eafy  to  fee  how  many  things  are  dill  want¬ 
ing  to  enable  the  academy  to  form  a  more  precife 
decifion  upon  what  relates  to  amber  :  it  fhould  be 

known, - id,  Whether  in  the  neighbourhood 

of  the  places  where  the  amber  is  dug,  there  be 
not  fome  faline  or  vitriolic  water.  2dly,  Whe¬ 
ther  it  be  commonly  inclofed  or  mixed  with  any 
earth,  or  other  particular  matter.  3dly,  Whe¬ 
ther  there  be  any  marks  whereby  to  didinguifh  the 
places,  where  the  amber  is  found.  4thly,  Whe¬ 
ther  foffil  amber  differs  in  any  thing  from  that 
found  about  the  fea-fhore.  5thly,  Whether  any 
white,  as  well  as  yellow  amber,  be  found  on 
the  ground,  and  whether  it  be  not  the  air  or  the 
fun’s  heat,  that  converts  the  yellow  into  white.. 
6thly,  Whether  in  thofe  places  where  yellow  is 
dug,  there  be  not  likewife  black  amber  found. 
7thly,  Whether  it  be  true,  which  Hartman  in 
his  hidory  of  the  Pruffian  amber,  and  Bartholin 
on  the  Banijh ,  relate,  that  it  is  found  under  a 
kind  of  foliated  earth,  not  unlike  the  barks  of 
trees,  and  that  it  is  accompanied  with  a  fort  of 
foffil  wood,  wherein,  however,  we  neither  per-r 
ceivepith,  fibres,  knots,  nor  buttons. 

XIII.  Of  M.  DelifleV  map  of  the  Roman 

empire . 

A  great  part  of  the  dates  which  at  prefent  con> 
pofe  the  known  world,  were  formed  on  the  ruins 
of  the  Roman  empire,  difmembered  and  torn  to 
pieces  by  Barbarians .  As  it  is  from  thence  that 
our  modern  hiftories  take  their  original,  and  as 
it  is  they,  which  mod  concern  us,  M.  Delijle 
hath  prepared  a  map,  which  mud  be  a  great  help 
to  the  underdanding  them  well.  It  contains  not 
only  the  Roman  empire,  but  alfo  all  the  barba¬ 
rous 
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rous  countries.  which  furrounded  it,  a  little  time 
before  the  people  of  thofe  countries  had  made 
any  breach  therein  by  tli^ir  invafions.  His  epo- 
cha  is.  the  year  400  of  the  chriftian  rera.  M.  San - 
a  celebrated  geographer,  had  "already  made 
a  map  of  the  Roman  empire,  which  was  very 
much  efteemed  in  his  time  ;  but  he  did  not  in¬ 
clude  thcreirr  the  barbarous  countries,  the  pofition 
and;  d^ermipanon  of  which  mult  be  as  laborious 
as  it  is  inftruefive.  M.  Delijle  hath  named  his 
tfc&a&rwn  hiftoncum^  becaufe  of  the  great  ex¬ 
tent  k  tak.es  beyond  the  Roman  empire,  and  the 
ule-  it  is  of  to  our  hiitories. 

Beftd<s.th$  earth  has  been  much  altered  fince 
M.  Sanfof s  time,  that  is,  the  agronomical  gbfer- 
vations  both  more  exack  and  in  a  greater  number 
have  produced  great  reformations  in  geography. 
They  were  much  miftaken  about  the  longitudes, 
which  are  naturally  more  difficult  to  determine 
than  the  latitudes,  and  were  often  miftaken  about 
the  latitudes  themfelves ;  and  M.  Delijle  was 
obliged  to  differ  always  from  M.  Sanfon  on  the 
ftrft  Of  thefe  meafures,  and  often  on  the  fecond, 
which  entirely  changes  the  figure  of  the  countries, 
Teas,  &c. 

It  is  an  obfervation,  which  is  not  altogether 
new,  that  the  errors  in  geographical  meafures 
have  always  hitherto  confifted  in  the  excefs. 

From  the  time  of  the  Greeks  to  us,  the  earth 
hath  always  diminifhed  each  time  they  have  un¬ 
dertaken  to  difeover  the  bignefs  of  it. 

From  thence  it  proceeds,  that  though  the  fame 
Roman  empire,  or  the  fame  countries,  are  by  M. 
Sanfon  in  a  larger  map  than  that  of  M.  Delijle , 
and  that  confequently  the  fcale  of  M.  DelijDs 
map  ought  to  be  the  leaft,  yet  it  is  more  than  a 
fifth  part  larger.  The  reafon  for  which  is,  that  in 

M. 
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M.  Sanfon’s  map,  that  the  Roman  empire  is  much 
too  large,  when  compared  with  the  reft  of  the 
furface  of  the  earth.  The  perfection  of  maps  de¬ 
pends  on  the  exaCt  proportion  of  the  parts  of  this 
furface  among  themfelves,  and  we  cannot  hope 
to  know  it  but  by  aftronomy,  which  daily  dif- 
fufes  a  greater  light  on  geography. 


A  N 

i  •  •  *  1 

2*  S 
* 

f 


l 


f 


•  *  ^ 
I 


■  • 

‘A 


I 


A  tt 

ABRIDGMENT 

O  F  T  H  E 

Philosophical  Memoirs  of  the  Royal 
Academy  of  Sciences  at  Paris ,  for 
the  Year  1705. 

I.  Obfervations  on  the  quantity  of  tain-wd* 
ter ,  'which  fell  at  the  royal  obfervatory 
during  the  year  1704*  with  the  heights 
of  the  barometer  and  thermometer ,  and  ob* 
Jervations  on  the  winds  that  r eigne d^  by 
M.  de  la  Hire  *. 

DURING  the  year  1 704,  the  water  which 
fell  was  pretty  equally  diftributed  through 
all  the  months*  except  thofe  two  of  July  and  of 
Q5iobers  in  which  it  rained  very  little  5  the  dry 
weather  of  this  laft  month  is  very  ufeful  for  the 
better  fowing  of  feeds. 

This  is  the  quantity  of  water  during  each 
month. 


Jan. 

Lines. 

15 

July 

Lines 

9  + 

Feb. 

15  * 

Aug. 

27 

Mar. 

l9  4 

Sept. 

34 

Apr. 

16 

Oftob. 

8  i 

May 

27  4 

Nov. 

1 9  i 

June 

24  i 

Dec. 

23 

The  fum  of  water  in  the  whole  year  23#  f 
lines*  or  19  inches  10  lines,  which  is  very  near 
the  19  inches,  which  we  have  determined  for  the 
mean  quantity  of  water  which  falls  each  year. 

Jan.  10,  1705. 

On 
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On  the  winds . 

Throughout  the  whole  month  of  January  the 
wind  reigned  towards  the  N.  inclining  at  the  be¬ 
ginning  towards  the  E.  and  at  the  end  towards 
the  W.  there  was  no  rain  from  the  ioth  to  the 
24th. 

In  February  the  wind  was  almoft  always  in  the 
W.  and  fometitfies  in  the  S. 

In  March  the  wind  was  almoft  always  in  the 
S.  in  the  beginning  it  inclined  to  the  W.  and  at 
the  end  towards  the  E.  there  was  no  rain  from  the 
1 5th  to  the  3d  of  the  month  following. 

In  April  the  wind  was  the  lame,  except  in  the 
laft  days,  when  it  turned  towards  the  N. 

In  May  the  wind  was  very  variable. 

In  June ,  the  wind  was  in  the  beginning  between 
the  N.  and  E.  and  at  the  end  towards  the  W. 

In  July  the  W.  wind  governed,  and  it  rained 
no  more  than  4  lines  from  the  27th  of  June  to 
the  28th  of  this  month. 

In  Auguft  the  wind  parted  from  the  E  to  N. 
and  afterwards  to  the  W. 

* 

In  September  the  wind  was  almoft  always 

S.  W. 

In  October  the  principal  wind  was  the  N.  incli¬ 
ning  towards  the  E.  and  fometimes  to  the  W. 
From  the  4th  of  this  month  to  the  27th,  it  rained 
but  one  line. 

In  November ,  the  wind  was  in  the  beginning 
towards  the  N.  and  in  the  middle  and  to  the  end 
towards  the  S.  W. 

In  December  the  principal  and  governing  wind 
was  the  S.  W.  It  is  leen  by  all  theie  obfervations, 
that  the  wind  which  reigned  molt  was  the  W.  as 
it  almoft  always  happens  in  thefc  countries  \  and 
it  is  alfo  from  thefe  forts  of  winds  that  it  mpft 
Vqjl.  II.  N°.  18.  H  h  com- 
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commonly  rains  *,  but  the  greatcd  rains,  which 
did  not  exceed  the  height  of  an  inch,  came 
with  a  northerly  wind.  There  has  been  no  con- 
fiderable  dorms  during  this  year. 

On  the  barometer . 

What  is  mod  confiderable  in  the  barometer, 
and  which  fhews  us  the  weight  of  the  air,  are  the 
changes  which  happen  to  it  in  2  or  3  days,  in 
which  time  we  fee  it  often  rile  and  fall  more 
than  an  inch  *,  which  makes  us  acquainted  with  the 
great  variations  which  happen  in  a  little  time  as  to 
the  height  of  the  atmofphere.  For  to  give  a 
reafon  for  thefe  different  weights  of  the  air,  it 
does  not  feem  to  me  very  likely  to  fuppofc,  as  do 
fome  philofophers,  that  there  are  different  liquids 
and  a  different  weight  on  the  furface  of  the  earth, 
which  are  fometimes  carried  on  the  one  fide,  and 
fometimes  on  the  other  ;  for  they  mud  be  com¬ 
monly  more  light  when  the  air  is  mod  loaded 
with  vapours,  as  is  known  by  obfervations. 

Methinks  all  that  is  obferved  in  the  weights 
of  the  air,  or  of  the  atmofphere  in  all  its  cir- 
cutndances,  may  be  very  well  explained  in  the 
manner  following.  We  know  by  very  exaCt 
obfervations,  that  the  barometer  generally  rifts 
to  a  lefs  height  between  the  tropics,  than  in  the 
northern  countries  ;  whence  it  may  be  conjectured 
that  the  figure  of  the  atmofphere  is  a  long  fphe- 
roid,  whofe  axis  is  joined  to  that  of  the  earth, 
which  may  eafily  be  explained  in  the  fydem  of 
Copernicus .  But  as  wherever  there  is  air  there 
may  be  winds,  if  the  fame  winds  reign  through 
all  the  mals  of  air,  and  if  it  comes  from  the  S. 
it  will  lower  the  height  of  the  atmofphere  in  thefe 
countries  *,  and  on  the  contrary,  if  it  comes  from 
the  N.  it  will  raife  it.  But  alfo  as  the  S.  winds 

bring 
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bring  us  rain,  it  will  follow,  that  it  ought  to  rain 
when  the  air  appears  light,  and  the  quite  contrary 
will  happen  when  it  is  on  the  other  fide* 

This  is  in  general  what  ought  to  follow  this 
fuppofition  ;  but  if  the  S.  wind  reigns  only  on 
the  furface  of  the  earth,  and  that  there  is  a  N. 
wind  in  the  fuperior  part,  it  may  rain  altho*  the 
air  appears  very  heavy,  and  by  a  contrary  reafon 
the  weather  may  be  very  ferene  with  a  N.  wind, 
and  the  barometer  very  low  ;  for  we  can  onlyob- 
ferve  thofe  winds  which  are  near  the  earth. 

During  this  year  the  barometer  rofe  pretty  of¬ 
ten  beyond  28  inches;  but  on  the  25th  of  De¬ 
cember  in  the  morning  it  rofe  the  higheft  to 
28  inches  3  lines  |  *,  and  the  loweft  was  Nov . 
25th,  to  26  inches  11  lines,  by  the  height  of 
the  great  hall  of  the  obfervatory  where  my  ba¬ 
rometer  is  placed.  The  whole  difference  of 
height  between  the  higheft  and  lowed:  has  there¬ 
fore  been  1  inch  4  lines  *6.  No  conclufion  can 
be  made  from  the  winds  which  have  reigned  in 
the  greater  or  lefler  heights  of  the  barometer, 
for  the  reafons  which  1  have  above  related,  fince 
we  can  only  obferve  thole  winds  which  are  on 
the  furface  of  the  earth.  I  have  only  taken  no¬ 
tice  that  it  did  not  rain  when  the  barometer  was 
at  the  higheft,  and  that  there  was  much  rain  when 
it  was  at  the  loweft,  fometimes  with  a  N.  and 
fometimes  with  a  S.  W.  wind. 

On  the  thermometer. 

My  thermometer  fell  loweft  on  the  23d  of 
January  to  14  degrees  f.  Its  mean  ftate,  fuch 
as  it  is,  in  the  bottom  of  the  caves  of  the  ob¬ 
fervatory,  is  14  toifes  below  the  banks  level,  be¬ 
ing  at  48  degrees,  and  the  froft  beginning  when 
it  is  at  32  degrees;  but  it  immediately  rofe  a- 

H  h  2  gain. 
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gain  near  the  30  degrees.  The  heat  was  greateft 
the  28th  of  July,  the  thermometer  rifing  to  66 
degrees  Thefe  obfervations  on  the  thermo¬ 
meter  are  always  made  near  the  fun’s  rifing,  which 
is  the  time  of  day  wherein  the  air  is  moft  cold. 

It  is  feen  thereby  that  the  cold  has  been  very 
near  in  the  fame  degree  as  the  heat,  compared 
with  a  mean  ftate,  if  the  23d  of  January  is 
excepted.  Alfo  in  the  day-time,  and  about  two 
in  the  afternoon  the  heat  is  much  greater  than  in 
the  morning,  and  I  have  found  the  thermome¬ 
ter  at  75  degrees  fhaded  from  the  fun  *,  and  con- 
fequently  there  has  been  more  heat  than  cold  this 
year  in  thefe  countries. 

On  the  declination  of  the  needle, 

I  have  obferved  the  declination  of  the  needle 
the  30th  of  O ft oher ,  9  degrees  20  minutes  to¬ 
wards  the  weft,  with  the  fame  needle  of  8  inches 
length,  and  in  the  fame  place  where  I  ufed  to 
obferve  it. 

II.  A  cotnparifon  of  the  obfervations  on  the 
rain  and  winds  made  by  M,  de  Pont-briant 
at  the  caftle  of  Pont-briant,  two  leagues 
from  S.  Maio,  and  towards  the  fea-ccafly 
during  the  year  1 704  3  with  thofe  which 
were  made  at  the  objervatory  at  the  fame 
time,  by  M.  de  la  Hire 

Thefe  obfervations  which  have  been  made  in 
Bretagne  with  great  exa&nefs,  having  been  com¬ 
municated  to  the  academy  by  M.  du  Tcrar ,  to 
whom  M.  de  Pont-briant  had  fent  them  ;  it  has 
been  thought  proper  to  compare  them  with  thofe 
which  were  made  at  Paris  at  the  lame  time,  the 
*  Feb,  25,  1705, 

journal 
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journal  of  which  I  have  already  given.  Here  is 
only  given  the  quantity  of  rain  which  fell  during 
each  month  ;  but  it  muft  be  obferved,  that  it 
rained  very  often  at  the  fame  time  in  thefe  two 
places,  which  are  difbant  about  80  leagues,  one 
of  which  is  weft  ward  from  the  other,  and  almoft 
in  the  fame  parallel  ;  but  ftorms  are  much  more 
frequent  at  S .  Malo  than  at  Paris . 


At  Paris . 

At  Pont- 

Lines . 

Lines . 

January  1 5 

11  i 

February  15  { 

22  | 

March  19  ^ 

25  i 

April  1 6 

21  i 

May  27  ~ 

17 

June  24  % 

2 

July  9  5 

13  i 

Augujl  2  7 

27  i 

September  34 

5r 

Oftober  8  4 

18  ^ 

November  194 

57  i 

December  23 

25  i 

of  the  water  at  Paris  238  lines  f 

1  y 

19  inches  io  lines  f . 
23 -  3 — 


4 


•  \ 

It  is  hereby  feen  that  the  quantity  of  rain  in 

each  month,  has  not  much  differed,  except  in 
September  and  November ,  wherein  it  rained  much 
more  at  Pont-briant  than  at  Paris^  And  in  the 
month  of  June  it  rained  much  lefs  at  Pont-briant 
than  at  Paris  ;  but  the  one  does  riot  make  amends 
for  the  other,  for  there  fell  near  4  inches  more  wa¬ 
ter  at  Pont  briant  than  at  Paris ,  altho*  in  Paris 
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the  quantity  was  very  near  the  fame  as  in  the 
mean  years. 

It  wasfome  years  ago,  that  themarfhal  de  Vau- 
ban ,  who  is  now  prefident  of  the  academy,  caufed 
the  fame  obfervations  to  be  made  in  the  citadel  of 
LTJle  in  Flanders.  I  then  compared  them  with 
thofe  of  Paris ,  and  I  found  that  it  commonly 
rained  a  little  more  in  Flanders  than  at  Paris . 

By  the  obfervations  of  the  winds  made  at  Paris 
and  at  Pont-briant ,  it  is  remarked,  that  the  wind 
is  not  commonly  the  fame  in  both  places,  and 
thojt  it  always  inclines  more  to  the  S.  at  Paris  than 
at  that  place.  As  to  the  rains  which  accompany 
the  winds,  there  is  much  variation  in  the  times 
and  years.  Not  but  that  in  general  it  is  found 
by  this  year’s  obfervations,  that  at  Pont-briant 
great  rains,  with  ftorms,  have  been  always  ac¬ 
companied  with  a  N.  W.  wind,  and  fometimes  a 
N.  but  leldom  a  N.  E.  At  Paris  they  come 
almoft  always  from  the  S.  W.  The  neighbour¬ 
hood  of  the  fea  at  St.  Malo ,  and  the  difpofition 
of  the  Englijh  channel,  in  regard  to  the  coaft  of 
Bretagne ,  may  caufe  this  difference,  both  for  the 
dire&ion  of  the  wind  and  of  the  rain. 

It  is  no  wonder  that  the  winds  differ  in  places 
very  little  diftant  compared  with  the  whole  fur- 
face  of  the  earth,  fmee  we  fee  frequently,  that  in 
the  fame  place  there  are  different  winds  which 
reign  in  the  air,  and  fometimes  are  quite  oppo- 
fite,  which  may  be  obferved  by  the  motion  of 
the  clouds.  One  of  the  winds  may  begin  in  one 
place,  and  the  other  in  another,  either  more  or 
lefa  diftant  from  the  fame  place.  Thefe  winds  at 
length  mixed  make  but  one  mean,  where  one 
gains  the  a  1  Cendant  prevails  over  the  other  \  and 
it  may  happen,  that  this  ftruggle  between  thefe 

contrary 
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contrary  winds,  when  they  are  very  violent,  may 
caufe  ftorms  and  hurricanes. 

M.  de  Pont-briant  obferves  in  the  letter  which 
he  wrote  to  M.  du  Torar ,  that  it  freezes  much 
lefs  at  St.  Malo  than  at  Rennes ,  but  the  caufe  of 
that  ought  to  be  attributed  only  to  the  proximity 
of  the  fea :  for  the  great  quantity  of  vapours, 
which  arife  from  the  fea-water,  and  may  retain 
forne  marine  falts,  may  prevent  the  freezing, 
fince  it  is  known  by  experience,  that  fea-water 
does  not  freeze  fo  eafily  as  frefli  water,  and  that 
water,  wherein  a  little  marine  fait  has  been  dif- 
folved,  will  not  eafily  freeze.  I  have  alfo  for¬ 
merly  obferved  at  Breft ,  that  they  preferved  fome 
anancLs,  or  pine  apples,  in  the  open  ground  dur¬ 
ing  the  whole  winter,  though  they  were  expofed 
to  the  air. 

III.  Reflexions  on  the  obfervations  of  the 
variation  o  f  the  needle ,  made  in  the  pope's 
legate' s  voyage  to  China,  in  the  year  1703, 
by  M.  Caffini  the  fon  *  tranfated  by 
Mr.  Chambers. 

A  mercator’s  chart  was  lately  fent  us  from 

* 

Pondichery ,  by  M.  de  May ,  a  miftionary,  who 
went  with  M.  de  Tournon ,  the  pope’s  legate  to 
China  ;  in  which  chart  is  exprefled  by  dotted 
lines  the  courfe  which  the  fhip  Maurepas  made 
each  day  from  the  Canaries ,  which  they  left  on 
the  firft  of  May>  1703,  to  Pondechery ,  where 
they  arrived  on  the  6th  of  November ,  after  a 
voyage  of  upwards  of  6  months. 

In  this  voyage,  they  obferved  the  variation  of 
the  needle  in  feveral  places  by  the  rifing  and  fet- 

*  Jan,  10,  1705. 

ting 
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ting  of  the  fun,  and  took  care  to  exprefs  the 
fame  on  the  chart,  in  the  proper  place  of  their 
rout  for  the  day  of  obfervation. 

As  the  new  chart  of  the  variation,  drawn  by  Dr. 
Halley  i or  the  year  1700,  comprehends  all  the 
places  expreffed  in  this  rout,  we  took  occafion 
hence  to  examine,  whether  it  would  agree  with 
thefe  new  obfervations ;  and  in  order  hereto  laid 
down  all  the  places,  where  M.  de  May  made  his 
obfervations,  and  Dr.  Halley’s  chart,  allowing  for 
the  different  longitudes  on  which  the  two  charts 

are  conftrudted. - We  proceed  now  to  make 

a  comparifon. 

On  the  iSthof  May,  1703,  at  358° - 

of  longitude,  and  50 - 40'  northern  latitude, 

the  variation  was  found  by  the  fun-fetting  to  be 

i°  \  from  the  north  towards  the  weft. - 

Now  the  place  where  this  obfervation  was  made, 
being  laid  down  on  Dr.  Halley’s  chart,  is  found 
a  little  to  the  weftward  of  the  line  of  no  varia¬ 
tion,  and  on  that  fide  where  the  variation  begins 
to  be  eaft  wards  ;  fo  that  by  this  obfervation  it 
appears,  that  the  line  of  no  variation  ought  in 
ftri<ftnefs  to  be  a  little  to  the  weft  of  the  place, 
wherein  it  appears  in  Dr.  Halley’s  chart,  which 
agrees  likewife  with  what  had  been  before  ob- 
lerved  in  a  memoir  for  the  year  1704. 

On  the  6th  of  June  at  356° - longitude,  and 

5^ - 2d - fouthem  latitude,  the  varia¬ 
tion  was  found  by  the  fun’s  rifing  to  be  i° - 

eaft  ward  of  the  north,  which  agrees  near  enough 
with  Dr.  Halley’s  chart,  wherein  this  place  is  re- 

prefented  between  1  and  2  0 - of  variation 

eaft  ward. 

On  the  1  ith  of  June  at  35  2  0 — 40'  longitude, 
and  iic' — 1 J  fouthem  latitude,  the  variation  was 

found 
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Found  1 " - 1  eaftward  of  the  north,  which  in 

Dr.  Halley’s  chart  is  rep  refen  ted  as  a  little  more 
than  3 - 

On  the  19th  of  June  at  i° - to  the  fouth  of 

the  moft  fouthern  part  of  the  ifland  of  Afcenfion 

being  3  500** -  of  longitude,  and  210 — o' - — of 

fouthern  latitude,  the  variation  was  found  to  be 
6  ’ — {  eaftward  of  the  north,  where  in  Dr.  Hal¬ 
ley’s  chart  it  is  reprelented  as  7 — f . 

On  the  3d  of  July  at  7 — 45' — longitude,  and 
340 — 40' — fouthern  latitude,  the  variation  was 
found  30 — £  eaftward  of  the  north,  being  much 
the  fame  as  in  Dr.  Halley’s  chart. 

On  the  8th  of  July  at  24° — io; —  longitude, 
and  36 — *  fouthern  latitude,  the  variation  was 
found  30 — weftward  of  the  north,  the  fame  is 
reprefented  in  this  place  by  Dr.  Halley  between 
3  and  4° — 

According  to  thefe  two  laft  obfervations,  in 
one  whereof  the  variation  is  found  eaftward,' and 
in  the  other  weftward,  both  of  them  agreeable  to 
what  are  reprefented  in  Dr.  Halley’s  chart,  the 
line  of  no  variation  croftes  M.  de  May’s  courfe, 
much  in  the  fame  place  where  Dr.  Halley  makes 
it  crofs. 

On  the  13th  of  July  a  degree  to  the  fouth  of 
the  Cape  of  Good  Hope ,  at  41° —  longitude,  and 

36 — 2 o' -  fouthern  latitude,  the  variation 

was  found  13° —  weftward  of  the  north,  which  in 
Dr.  Halley’s  chart  is  noted  1 1° - 

On  the  19th  of  July  at  53" - ; o' longitude, 

and  35 35' — fouthern  latitude,  the  varia¬ 
tion  was  found  19  —  weftward  of  the  north,  ex¬ 
actly  the  fame  as  in  Dr.  Halley’s  chart. 

On  the  25th  of  July  at  69° —  longitude,  and 
32° — 50'  fouthern  latitude,  the  variation  was  found 
Vol.  II.  N°.  19.  ,  I i  25J 
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25" - \  weft  ward  of  the  north*  in  Dr.  Halley's 

chart  it  is  between  24  and  25. 

On  the  1 2th  of  September  at  98' - 30'  longi¬ 

tude,  and  28° — fouthern  latitude,  the  variation 
was  found  19" —  weft  ward  of  the  north  exaftly, 
as  reprefented  by  Dr.  Halley . 

On  the  1 7th  of  September  at  96° - 35 y lon¬ 

gitude,  and  22° — 40'  fouthern  latitude,  the  varia¬ 
tion  was  found  15' - weft  ward  of  the  north, 

which  in  Dr.  Halley9 s  map  is  reprefented  between 
15  —  and  16. 

On  the  2d  of  Ofiober  at  106' — 40' longitude, 
and  i° — 20'  fouthern  latitude,  the  variation  was 
found  4" —  weftward  of  the  north,  which  in  Dr. 
Halley's  chart  is  found  between  the  5th  and  6th 
degree. 

Laftly,  on  the  2d  of  November  at  105° — id 
longitude,  and  14' — 40'  fouthern  latitude,  the 

variation  was  found  4 - 45',  precifely  the 

fame  as  in  Dr.  Halley's  chart.  , 

Upon  the  whole,  it  appears,  that  fome  of  thefe 
obfervattons  fix  the  variation  exactly  the  fame, 
as  is  done  by  Dr.  Halley ,  that  the  greateft  part 
of  them  do  not  deviate  from  it  a  degree,  and  that 
none  of  them  vary  2° :  fo  near  a  conformity  muft 
be  allowed  very  confiderable,  confidering  the 
difficulty  of  oblerving  the  variation  with  exaft- 
nefs  at  fea,  and  the  changes  which  may  have 
happened  within  the  three  years  elapfed  between 
the  drawing  of  Dr.  Halley's  chart,  and  M.  de 
May's  voyage. 

I  know  not  whether  Dr.  Halley  had  any  fur¬ 
ther  view  in  his  chart,  befides  determining  the 
variation  of  the  load-ftone  for  the  conveniency  of 
tailors  *  but  if  in  other  courfes  and  voyages,  the 
agreement  fhould  be  found  as  ex  aft  as  in  the  pre¬ 
terit  one,  it  might  likewife  be  of  ufe  for  deter¬ 
mining 
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mining  the  longitude  at  fea,  efpecially  on  the 
other  fide  the  equator  ;  for  the  lines  which  fliew 
the  variations  from  degree  to  degree,  cut  the  pa¬ 
rallels  in  thofe  parts  pretty  directly,  and  are  like- 
wife  very  near  to  each  other,  as  appears  in  the 
prelent  courfe  from  the  line  of  no  variation  to 
that  where  the  variation  is  25 1 —  which  here  cor- 
refpond  to  34° - difference  of  longitude. 

In  effect,  almofi:  all  the  places  where  M.  de 
May  obferved  the  variation  may  be  laid  down  in 
Dr.  Halley’s  chart,  by  the  interfedlions  of  paral¬ 
lels  with  the  lines  which  denote  the  variation  ob¬ 
ferved  ;  yet  without  finding  any  other  differences 
than  what  may  well  be  attributed  to  the  difficulty 
of  determining  the  longitude  of  the  place  where 
the  obfervation  is  made. 

The  variation  being  once  well  eftablifhed,  it 
were  to  be  wiffied,  that  a  rule  could  be  found  for 
the  changes  or  variations  which  befal  the  fame  in  a 
compafs  of  time ;  but  to  arrive  hereat,  a  great 
number  of  obfervations  will  be  required,  made 
with  the  utmoft  care,  and  at  confider a ble  di fiances 
of  time,  which  is  an  advantage  we  are  hitherto 
deflitute  of :  for  tho*  father  Riccioli  made  a  large 
collection  of  fuch  obfervations,* yet  having  omit¬ 
ted  the  names  of  molt  of  the  obfervers,  as  well 
as  the  times  when  they  were  made,  we  cannot 
make  much  of  them. 

The  chief  affiftance  we  have  in  this  cafe,  is 
from  fome  obfervations  made  by  the  jefuits  in 
their  voyage  to  the  Ea/l- Indies ,  related  by  father 
Gouye ,  in  the  phyfical  obfervations  for  the  year 
1692,  which  will  inform  us  of  fome  changes, 
that  the  declination  has  undergone. 

Father  Noel,  in  his  way  to  China  in  1684, 
obferved,  that  at  215  leagues  weftward  of  the 
Cape  of  Good  Hope ,  the  needle  had  to  dec! in a- 

I  i  2  tion. 
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* 

tion. - .  Agreeably  to  which  obfervation,  the 

line  of  no  variation  muft  have  then  been  confi- 
derably.  to  the  eaft  of  the  place,  wherein  it  is  re- 
prefented  by  Dr.  Halley ,  and  where  it  ought  to 
be  now  placed,  according  to  the  obfervations  of 
M.  de  May ,  who  in  1703  found  the  variation  in 
the  fame  place  3 - weft  ward  of  the  north. 

In  1684,  the  fame  father  found  the  variation 

at  the  Cape  des  Eguilles  10 - weft  ward  of 

the  north,  which  in  M.  de  May" s  chart  is  repre- 
fented  as  1 3' - From  both  which  obferva¬ 
tions  we  have  an  augmentation  of  3 -  in 

19  years,  which  is  at  the  rate  of  10' - per 

year. 

In  Ricciolus" s  collection,  we  have  no  obfer¬ 
vation  of  the  declination  at  this  Cape  *,  which, 
?ris  probable  had  none  when  it  was  firft  named 
Cape  des  Eguilles ,  that  is,  of  the  needles  *,  but  in 
the  8th  book  of  his  geography,  he  gives  feveral 
obfervations  made  in  the  neighbourhood  of  that 
Cape  j  and  among  others,  one  of  Gerard  de  Diep- 
who,  in  1639,  found  the  variation  14  leagues 
beyond  the  Cape  of  Good  Hope ,  which  muft  be 

nearer  the  Cape  des  Eguilles  i° - \  weft  ward. 

— By  a  comparifon  of  which,  with  an  obfervation 
given  by  Dr.  Halley ,  we  have  an  alteration  of 

1  1 - l  from  the  north  to  che  weftward,  in 

the  lpace  of  64  years,  which  amounts  to  fomc- 
what  lels  than  1 1' - per  year. 

Father  Noel  further  obferves,  that  the  Portu- 
guefe  pilots  affirnr,  that  from  the  Cape  des  Eguil- 
les  to  Madagafcar ,  the  declination  increafes  13  — 

weftward,  and  confequently  if  it  be  2 - at  the 

Cape ,  it  will  be  15  at  Madagafcar ,  which  agrees 
likewife  with  the  declination  exprefied  in  the  new 

chart,  which  is  13 - at  the  Cape  des  Eguilles , 

and  2 5 — j-  under  the  meridian  of  Madagafcar, 

From 
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From  Madagafcar  to  Pondichery  the  declina¬ 
tion  diminiflies  *,  fo  that  in  M.  de  May's  map,  a 
little  to  the  eaft  of  Pondichery ,  it  is  exprelTed  as 

4°* - 4 5"  weftwards  of  the  north.  Now  the 

declination  at  Pondichery  was  found  by  father 
Richaud  in  1689,  to  be  7  ' — oh—  From  whence 
it  appears,  that  the  declination  had  diminifhed 
2' — 5  in  14  years,  which  is  at  the  rate  of  10' — 
per  year ;  whereas  at  the  Cape  des  Eguilles ,  we 
had  before  found  an  increafe  of  the  like  quantity  ; 
and  it  may  be  added,  that  father  Richaud  found 
at  Louvo ,  in  the  fpace  of  two  years,  a  diminu¬ 
tion,  like  that  here  noted  at  Pondichery . — From 
the  whole  therefore  it  may  be  conjedured,  that  in 
the  Eaft- Indies ,  from  the  meridian  of  Madagaf- 
car  eaflward,  the  weftern  declination  diminifhes 
every  year  in  the  fame  proportion,  as  it  increafes 
from  the  fame  ifland  eaft  ward. 

IV.  Of  barometers  without  quickfher  for 
the  afe  of  the  fea,  by  M.  Amontons 

If  air  is  inclofed  in  a  glafs  ball  D  f ,  joined 
to  a  glafs  tube  E,  C,  B,  A,  bent  at  C,  open  at 
A,  and  containing  a  liquor  from  the  entrance  E 
of  the  ball,  to  fome  place  of  its  part  A  B  ;  it  has 
been  long  fince  known  that  this  air  inclofed  in  D, 
will  augment  or  diminifli  its  bulk,  not  only  in 
proportion  as  the  heat  of  the  outward  air  changes, 
but  alfo  in  proportion  as  the  weight  of  it  changes ; 
mean  while  I  know  not  whether  any  one  has  yet 
diftinguifhed  and  determined  the  quantity  of  thefe 
two  effects,  I  mean,  how  much  the  heat  and  the 
weight  of  the  outward  air,  ading  in  conjundion 
on  that  which  is  contained  in  D,  will,  each  in 
their  particular,  make  this  bulk  of  inclofed  air 
diminish  or  increafe  ;  in  a  word,  what  would  be 
*  Feb.  11,  1705.  +  Plate  V,  Fig.  i. 

3  th- 
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the  motion  of  the  liquor  in  the  tube  A  B.  Thefe 
t  wo  effects  have  always  appeared  difficult  to  be 
feparated  from  one  another,  becaufe  of  the  com¬ 
bination  of  many  circumftances,  which  make 
them  vary  almoft  an  infinite  number  of  ways. 

As  to  what  concerns  the  effedt  df  the  weight 
of  the  atmofphcre  on  this  very  air  \  indeed  M. 
Mariotl c  has  already  given  us  fome  experiments 
and  rules  thereon  *,  but  it  no  where  appears  that  his 
defign  was  by  this  means  to  meafure  the  viciffitudes 
of  the  weight  of  the  atmofphere,  by  preventing  us 
from  attributing  the  effedt  of  the  weight  to  that  of 
heat,  and  reciprocally  that  of  heat  to  the  effedt 
of  the  gravity.  As  that  may  neverthelefs  have 
its  ule,  I  am  endeavouring  to  do  it  in  the  beft 
manner  I  can  poffibly,  continuing  to  make  ufe  of 
what  M.  Mariotte  has  fettled  thereon.  Now  by 
the  fame  experiments  it  is  clear,  that  the  more 
confiderable  the  bulks  of  air  in  D  arc,  the  more 
will  the  liquor  in  the  tube  A  B  fink  or  rife,  by 
one  and  the  fame  over-charge,  or  by  one  and 
the  fame  diminution  of  the  weight  of  the  atmo¬ 
fphere  *,  $nd  that  if  this  liquor  in  A  B,  had  no 
weight,  the  bulks  of  inclofed  air  would  in  their 
changes  follow  the  proportions  of  the  weights 
which  they  are  loaded  with,  lb  that  thefe  bulks 
would  be  in  an  inverted  ratio  of  thefe  weights. 

*  Thus  then  fuppofing  the  ball  D  lengthened 
out  into  a  long  very  thin  cylinder  of  the  fame  fize 
with  the  tube  A  C,  and  the  whole  in  a  horizontal 
fituation  to  avoid  the  weight  of  the  liquor  j  if 
this  ball  thus  lengthened  was,  for  example,’ 14  feet 
long,  and  the  liquor  in  E  was  at  the  beginning  of 
thele  14  feet,  when  the  weight  of  the  atmofphere 
equals  26  inches  of  quicktllver;  this  liquor  would 
advance  a  foot,  when  the  weight  of  the  atmo- 
*  Fig.  2.  ;  ‘  !■ 

fphere 
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fphere  is  at  28  inches,  thefe  bulks  14  and  XIII. 
being  by  the  inverfed  ratio  of  the  weights  26  and 
XXVIII  ;  and  the  fame  change  of  the  weight  of 
the  atmofphere  would  have  made  the  liquor  ad¬ 
vance  differently  according  as  the  lengthened  ball 
had  more  or  lefs  capacity  or  length.  Thus  it 
would  have  advanced  two  feet,  if  the  length  of 
the  lengthened  ball  had  been  28  feet,  inftead  of 
14  i  and  4  feet  if  this  lengthening  had  been  56 
feet ;  and  fo  of  the  reft.  Whence  it  appears  that 
the  effeft  of  the  weight  of  the  atmofphere  on  the 
air  in  the  ball  D,  becomes  always  greater  and 
greater,  according  as  the  grcatnefs  of  this  ball 
increafes  *,  which  cannot  be  laid  of  the  efteft  of 
heat,  which,  as  I  have  already  fhewn  elfewhere, 
would  be  always  equal,  notwithstanding  the  aug¬ 
mentation  of  thefe  bulks.  The  ball  D  may 
then  be  fuppofed  fo  prodigioufly  great,  that  the 
effedt  of  the  changes  of  the  heat  of  the  atmo¬ 
fphere,  fhould  not  be  difcerned  in  companion 
of  the  effedt  of  the  changes  of  its  weight ;  which 
(fill  fuppofes  the  tube  A  B  to  be  in  a  horizontal 
fituation.  But  as  fuch  a  fituation  is  inconvenient 
for  ufe,  and  that  it  would  be  better  to  have  it 
vertical,  in  this  fituation  the  liquor  cannot  pafs 
from  the  tube  A  C,  into  C  D,  or  out  of  that 
into  the  other,  without  leffening  the  imprelfon  of 
the  weight  of  the  atmofpher-e,  againft  the  air  m- 
clofed  in  D,  or  of  this  againft  the  atmofphere 
and  that  fo  much  the  more  according  to  the 
greater  weight  of  the  liquor  which  fhall  be  made 
ufe  of.  Thus,  for  example,  if  the  weight  of 
this  liquor  is  to  that  of  the  quickfilver  as  1  to  14, 
and  it  a  quantity  of  this  liquor  contained  in 
A  B,  in  the  compafs  of  28  inches,  pafles  into 
the  ball  D  toward  E,  it  is  plain  that  this  fink¬ 
ing  of  28  inches  of  liquor  will  equal  the  effect 

of 
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of  the  atmofphere,  whofe  weight  will  be  encrea- 
fed  to  a  quantity  equal  to  two  inches  height  of 
qu;' 1  filver  *,  and  as  we  know  experimentally,  that 
the  lotion  of  the  fimple  barometer,  which  is 
caufed  by  more  or  lefs  weight  of  the  atmo- 
fphere,  d  .  here  exceed  the  extent  of  two 
inches ;  it .  ..10  evident,  that  the  range  of  the 
liquor  in  the  tube  A  B,  fituated  vertically,  can¬ 
not  by  the  change  of  the  weight  of  the  atmo¬ 
fphere,  exceed  with  a  like  liquor  28  inches,  let 
the  ball  D  be  never  fo  large :  it  cannot  even,  tak¬ 
ing  it  rightly,  go  fo  far,  becaufe  the  fpring  of 
the  air  in  D  will  always  make  fome  refinance  to 
the  diminution  of  its  bulk,  let  this  diminution 
be  never  fo  little  ;  and  let  the  tube  A  B  be  never 
fo  fmall,  and  confequently  how  little  foever  the 
quantity  of  liquor  is,  which  is  contained  in  the 
compafs  of  28  inches  of  this  tube,  it  is  impoffi- 
ble  that  this  quantity  of  liquor  palling  from  A  B 
into  E,  fhould  not  fomething  diminifh  the  bulk 
of  air  in  D.  The  compafs  of  this  range  of  the 
liquor  in  the  tube  A  B,  will  be  even  conliderably 
lels  than  28  inches,  tho’  the  ball[D  fhould  be  only 
of  a  moderate  fize  *,  and  experience  has  fhewn 
me,  that  with  a  liquor,  whofe  weight  is  to  that 
of  quickfilver,  near  as  1  to  14,  the  extent  of  this 
range  can  be  but  20  inches,  with  balls  of  two  in¬ 
ches  diameter ;  and  only  16  inches,  with  balls  of 
1  inch  *  ;  which  would  ftill  be  lefs  if  the  liquor 
was  more  heavy.  But  as  on  the  contrary,  thofe 
which  are  more  light,  may  very  well  be  employed 
in  it ;  and  as  already  this  range  of  20  inches  is  at 
leafr  as  confiderable  as  that  of  the  double  baro¬ 
meter  of  M.  Huygens  ;  nothing  hinders  the  tubes 
A  C  D  from  being  ferviceably  made  ule  of,  in 
which  there  mull  be  liquor  from  the  middle  of 
the  part  A  B  to  E,  to  know  by  the  motion  of 

the 
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the  liquor  in  A  B,  the  changes  of  the  atmofphere, 
in  the  fame  manner  as  is  done  with  common  ba¬ 
rometers  ;  and  fo  much  the  better,  as  being  n-ore 
portable,  and  not  fo  fufceptible  of  motion,  ly 
may  very  well  be  made  ufe  of  at  fea,  where  the 
fhaking  of  the  veffeJ  will  not  him  >xa6t  ob- 
fervation  of  the  diverfe  changes  ;  m  cannot 
be  done  with  the  common  ones.  Having  found 
that  the  extent  of  the  range  of  the  liquor  in  thefe 
tubes  by  the  changes  alone  of  the  weight  of  the  atmo¬ 
fphere,  were  confiderable  enough  to  make  ule  of  it  as 
a  barometer  ;  and  after  having  divided  this  extent 
into  24  equal  parts,  to  make  thereof  a  graduation, 
which  may  defcribe  the  quantities  of  quickfilver, 
which  equal  the  weight  of  the  atmolphere  in  all 
its  changes ;  it  now  remained  for  me  to  apply 
this  graduation  to  thefe  new  barometers.  This 
did  not  at  firft  appear  to  me  very  eafy,  becaufe 
of  the  adtion  of  heat,  which  continually  chang¬ 
ing,  did  not  permit  me  to  be  able  to  affign  on 
thefe  tubes  any  fixed  place  for  this  graduation. 
But  having  confidered  that  even  this  which  feemed 
an  obftacle  to  me,  might  ferve  me  for  a  direction, 
this  graduation  being  always  to  follow  the  motion 
which  heat  fhould  caufe  in  the  liquor,  and  that 
when  heat  caufed  no  motion  in  it.  this  graduation 
ought  alfo  to  remain  in  the  fame  place;  I  made 
it  moveable  in  the  following  manner. 

I  put  one  of  thefe  tubes  for  a  confiderable 
time  near  one  of  my  thermometers,  and  I  ob- 
ferved  the  range  of  both,  at  times  when  I.  was 
affured  by  the  obfervation  of  the  barometer, 
that  the  weight  of  the  atmofphere  had  not 
changed ;  which  gave  me  the  means  of  making 
on  the  fide  of  this  tube  a  graduation,  like  thole 
of  my  thermometers,  though  greater.  This  gra¬ 
duation  defcribed  the  changes  which  heat  caufed 
Vol,  II.  N°.  19.  Kk  in 
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in  the  height  of  the  liquor  of  this  tube.  After 
this  I  put  on  the  fide  of  this  graduation  of  the 
effed  of  the  heat,  the  graduation  which  I  had 
firft  made  of  the  effed  of  the  weight  of  the 
atmofphere ;  fo  that  I  could  raife  it  or  lower  it 
as  I  thought  fit,  and  bring  the  middle  of  it  to 
fuch  a  degree  with  that  of  the  heat  as  I  pleafed  *, 
and  when  I  would  know  the  weight  of  the 
atmofphere,  1  looked  firft  to  fee  what  degree  my 
thermometer  was  at,  and  afterwards  I  carried  the 
middle  of  the  graduation  of  the  barometer  to  the 
fame  degree  of  that  which  I  had  made  on  the  fide 
of  the  tube,  to  defcribe  the  changes  caufed  by 
heat  on  the  liquor  of  the  tube,  which  then  ffiewed 
me  by  the  moveable  graduation,  the  weight  of  the 
atmofphere  which  I  fought  after. 

Having  afterwards  proved  thefe  obfervations 
For  a  confiderable  time  on  my  rectified  baro¬ 
meter,  I  can  affirm  that  I  have  always  found 
both  of  them  exactly  the  fame.  This  will  more 
eafily  be  believed,  if  it  is  confidered  that  no 
quickfilver  enters  into  the  conftrudion  of  thefe 
new  barometers,  and  that  the  heat  ads  very 
weakly  on  the  liquor  which  they  contain,  which  is 
alfo  but  in  a  very  little  quantity*,  which  is  the 
reafon  why  thefe  barometers  muft  be  exempt  from 
thofe  defeats  which  I  have  obferved  in  the  com¬ 
mon  ones  where  quickfilver  is  employed.  It  is 
true  that  the  graduation  of  thefe  new  barometers, 
which  are  to  include  the  effect  both  of  heat  and 
of  the  weight  of  the  atmofphere,  obliges  them 
to  be  made  of  more  than  ordinary  height ;  but 
this  cannot  go  fo  far  as  to  make  them  ufelefs  ; 
thofe  whofe  balls  have  two  inches  diameter, 
being  not  requifite  to  be  more  than  5  feet  long, 
and  the  others  only  4  feet,  which  is  but  about 
10  inches  more  than  the  common  ones  when 
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they  are  mounted  *,  and  this  ought  not  to  hinder 
the  endeavours  of  making  them  fome  way  ufeful 
to  navigation  by  the  obfervations  which  may  be 
made  by  them  at  fea. 


V.  Reflections  on  the  rales  for  the  condenfation 
of  the  air ,  by  M.  Caffini  the  Jon  *  •  tran - 
fated  by  Mr.  Chambers. 

In  our  travels  for  continuing  the  meridian  of 
Paris ,  we  oblerved  the  height  of  feveral  moun¬ 
tains  by  the  edge  of  the  fea,  and  among  others 
that  of  Puy  de  Dome ,  where  M.  Perier  made 
obfervations  of  the  height  of  the  mercury,  men¬ 
tioned  in  M.  Pafchal' s  treatife  of  the  equilibrium 
of  fluids,  which  obfervations  having  ferved  M. 
Mariotte  for  confirming  his  rules  of  the  conden¬ 
fation  of  air,  I  took  occaflon  to  compare  his 
rules  with  my  own  obfervations. 

M.  Mariotte ,  in  his  fecond  eflay  of  the  nature 
of  air,  gives  us  fome  experiments,  which  he  made 
to  determine  the  condenfation  of  air  ;  from  whence 
he  infers,  that  it  may  be  taken  for  a  certain  rule 
or  law  of  nature,  that  the  denjity  cf  air  is  in  pro- 
portion  to  the  weight  wherevoith  it  is  preffed. 

On  this  principle  he  afterwards  determines  in  a 
very  ingenious  manner,  the  height  of  the  atmo- 
iphere  to  be  about  15  leagues  of  2000  fathoms 
each. 

He  fuppofes  that  mercury  in  its  natural  ftate, 
on  a  level  with  the  fea,  is  fuftained  in  a  baro¬ 
meter  at  the  height  of  28  inches,  which  make 
a  balance  to  the  whole  column  of  the  atmo- 

1 

fphere,  and  that  in  this  cafe  a  line  of  mercury 
fuftains  60  feet  of  air,  and  the  12th  part  of  a  line 
5  feet. 


*  March  24,  1705. 


K  k  2 


If 


252  The  History  and  Memoirs  of  the 

If  we  fuppofe  the  mercury  removed  into  a 
higher  place,  where  it  is  only  fufpended  to  the 
height  of  14  inches,  it  will  not  fuftain  above  \ 
the  weight  of  the  atmofphere  ;  and  confequently 
the  air,  which,  according  to  M.  Mariotte1 s  rule, 
condenles  in  proportion  to  the  weight  wherewith 
it  is  prefifed,  fhould  here  be  rarer  by  j,  than  in 
the  former  cafe  ;  and  a  line  of  mercury,  which 
on  a  level  with  the  fea,  fuftains  60  feet  of  air, 
will  here  only  fuftain  120  feet,  and  a  i2ih  part 
of  a  line  10  feet. 

Tho’  the  increafe  of  each  1  2th  of  a  line,  adds 
M.  Mariotte ,  may  be  found  by  the  fame  rules 
whereby  we  find  the  logarithms  ;  but  in  regard 
the  fum  of  geometrical  progreffions  does  not 
differ  much  from  the  fum,  found  by  taking 
thofe  progreffion  arithmetic  proportions,  I  here 
make  my  calculus  according  to  the  latter  pro¬ 
portion  ;  and  to  find  the  fum,  take  7  and  {,  as 
an  arithmetical  mean  between  5  and  10,  which  I 
multiply  by  2016  i2ths  of  lines,  that  is  by  14 
inches,  the  product  15120,  or  2520  fathoms, 
will  be  the  whole  length  of  air,  from  a  place  of 
obfervation  on  a  level  with  the  fea,  to  a  place 
where  the  air  is  only  |  that  weight,  that  is,  to  a 
place  where  the  mercury  is  only  fuftained  14  in¬ 
ches  high. 

By  the  fame  method,  M.  Mariotte  afterwards 
determines  the  reft  of  the  height  of  the  atmo¬ 
fphere  ;  and  to  confirm  this  calculus  of  the  height 
of  the  air,  applies  it  to  two  celebrated  obferva- 
tions,  one  whereof  is  delivered  in  M  Pafcal' s 
treatife  abovementioned  ;  and  the  other  made 
fome  years  ago,  by  M.  Cajfini ,  which  is  as  follows. 

He  took  the  height  of  a  mountain  in  Provence , 
which  is  on  the  edge  of  the  fea,  and  found  it 
1070  feet  j  the  mercury  in  the  barometer  which 

he 
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he  ufed,  flood  at  28  inches  at  the  foot  of  the 
mountain,  and  at  the  top  thereof  funk  16  lines 

In  examining  this  obfervarion,  M.  Mariotte 
makes  ufe  of  an  arithmetical  progreffion,  accord¬ 
ing  to  which,  fuppofing  that  63  feet  height  of  air 
correfpond  at  a  level  with  the  fea  to  1  line  of  mer¬ 
cury,  he  finds  that  the  height,  where  the  mercury 
is  to  fink  16  lines  f,  is  1080  feet,  which  comes 
very  near  the  1070  feet,  obferved  by  M.  CaJJini. 

As  the  arithmetical  proportions  ufed  by  M. 
Mariotte ,  in  examining  thefe  obfervations,  are 
not  intirely  conformable  to  the  geometrical  pro- 
grefiions,  refulting  from  his  rule  of  the  conden- 
fation  of  the  air,  which  however  inconfiderable 
in  little  heights,  may  occafion  very  lenfible  diffe¬ 
rences  in  great  ones,  I  have  formed  a  table  upon 
M.  Mariotte' s  principals,  wherein  the  height  of 
air  is  expreffed,  which  correfponds  to  each  line’s 
decreafe  of  height  of  mercury,  from  the  furface 
of  the  fea  upwards.  In  this  table  I  have  fuppo- 
fed  with  M.  Mariotte ,  that  the  mercury  is  fuflain- 
ed  to  the  height  of  28  inches  on  a  level  with  the 
fea,  and  that  in  this  cafe  63  feet  high  of  air  cor¬ 
refponds  to  a  line  of  mercury. 

By  this  table  it  appears,  that  when  the  mercury 
finks  16  lines  f,  the  height  of  air  correfponding 
to  the  lafl  line,  is  66  feet,  1  inch,  9  lines,  and 
the  height  of  the  place  of  obfervation  from  the 
furface  of  the  fea  176  fathom,  5  inches,  7  lines, 
or  1056  feet,  5  inches,  7  lines,  which  is  lefs  by 
23  feet,  than  what  M.  Mariotte  had  determined 
by  his  arithmetical  progreffion.  A  proof  that  his 
manner  of  examining  obfervations  differs  confi- 
derably  from  the  principals  he  himfelf  has  efta- 
blifhed,  which  will  appear  ftill  more  vifibly  in 
the  obfervations  I  have  to  relate  hereafter,  which 
were  made  at  much  greater  heights. 


If 
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If  in  lieu  of  taking  63  feet  for  the  height  of 
air  correfponding  to  a  line  of  mercury  on  a  level 
with  the  fea,'  we  fuppofe  it  60  feet,  as  M.  Ma- 
riotte  does  for  determining  the  height  of  the  at- 
mofphere,  we  fhould  have  for  the  1 6  lines  j  de- 
creafe  of  the  height  of  the  mercury  only  1005  feet 
height  of  air,  which  is  much  lefs  than  was  found  on 
the  preceding  fuppofition  ;  but  .s  it  would  be  eafy 
to  reconcile  this  obfervation  of  my  father  with 
M.  Mariotte9 s  rule,  by  only  fuppofing  the  height 
of  air  at  the  furface  of  the  fea  iomewhat  greater 
than  what  he  has  laid  down,  v/e  proceed  to  ex¬ 
amine  the  fecond  obfervation,  which  is  that  of  M. 
Pafcal ,  and  which  he  endeavours  likewife  to  re¬ 
concile  to  his  principals. 

The  other  obfervation,  fays  he,  was  made  in  a 
high  mountain  near  the  city  Clermont  in  Auvergne , 
the  principal  circumftances  whereof  were  thefe. — 
The  mercury  in  the  barometer  at  the  bottom  of 
the  mountain  flood  at  26  inches,  3  lines  \  ;  when 
carried  27  fathoms  high,  it  funk  to  26  inches,  1 
line;  at  150  fathoms,  it  funk  to  25  inches; 
and  laftly,  towards  the  top  of  the  mountain, 
which  was  500  fathoms  above  the  firft  place,  the 
mercury  flood  at  23  inches,  2  lines.  The  firft 
obfervation  fhews  us,  that  the  lowed  place  near 
Clermont  is  much  higher  than  the  vaults  of  the 
obfervatory,  and  confequently  that  a  line  of  mer¬ 
cury  here  muff  be  equivalent  to  above  63  feet. 
It  may  be  calculated  thus  : 

The  difference  between  26  inches,  3  lines  f, 
and  28  inches,  is  20  lines  f,  and  according  to 
the  calculus  above  declared,  the  laft  divifion  muft 
increafe  it  about  7  feet,  above  63,  for  the  pro¬ 
duce  of  63  by  21,  divided  by  168,  gives  fome- 
what  above  7  feet,  which  added  to  63,  gives  70 
feet  ;  fuppofing  therefore  that  the  firft  line  of 

1  mer- 
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mercury  were  then  equivalent  to  70  feet  of  air, 
reckoning  from  the  loweft  place  of  obfervation, 
M.  Mariotte  finds  the  height  of  the  place  of  the 
laft  obfervation  to  be  2940  feet,  or  490  fathoms 
of  air. 

In  examining  this  obfervation,  M.  Mariotte 
makes  ufe  of  two  arithmetical  progressions  :  by 
the  firft,  he  finds  that  at  a  decreafe  in  the  height 
of  mercury  of  20  lines  the  height  of  air  cor- 
refponding  to  the  laft  line  of  the  mercury  is  70 
feet ;  whereas  according  to  the  table,  it  fhould 
only  be  67  feet  ;  fo  that  between  the  height  of 
air  correfponding  to  a  line  of  mercury  on  a  level 
with  the  fea,  and  that  arifing  from  his  calculus , 
when  the  mercury  is  funk  20  lines  f ,  he  finds  by 
his  arithmetical  progreftion  a  difference  of  7  feet 
inftead  of  4  feet,  which  arife  by  the  geometrical 
progreftion,  fo  that  the  error  makes  it  almoft 
double. 

He  would  eaffly  have  difcovered  thefe  diffe¬ 
rences,  if  agreeably  to  his  rule  he  had  made,  as 
to  28  inches  height  of  mercury  on  a  level  with 
the  fea,  are  to  26  feet,  3  lines  j  height  of  mer¬ 
cury  in  the  loweft  place  at  Clermont ,  fo  are  63 
feet  height  of  air  on  a  level  with  the  fea  to  67 
feet,  1  inch  height  of  air,  which  correfpond  to  a 
line  of  mercury  in  the  loweft  part  of  Clermont. 

The  fecond  progreftion  which  he  ufes,  after¬ 
wards  carries  him  ft  ill  farther  from  the  truth, 
but  not  to  enter  into  too  long  detail,  it  may 
fumce  to  compare  what  arifes  from  this  progref- 
fion,  with  what  is  exprefted  in  the  table  drawn 
upon  his  own  principals;  it  will  here  appear, 
that  as  the  height  of  mercury  was  20  lines  j  below 
the  ftandard  at  Clermont ,  the  height  of  that  city 
above  the  furface  of  the  fea  muff  be  222  fathoms, 
2  feet,  1  line,  or  1334  feet,  that  the  mercury 

having 
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having  funk  37  lines  \  between  Clermont  and  the 
top  of  Pui  de  Dome ,  which  amounts  to  58  lines 
in  all  from  the  furface  of  the  fea,  the  height  of 
that  mountain  muft  be  670  fathom  above  the  fur- 
face  of  the  fea;  from  whence  fubftradting  222 
fathoms,  the  height  of  Clermont  above  the  fame  fur- 
face,  we  have  448  fathoms  fot  the  height  of  Pui 
de  Dome  above  Clermont  ;  whereas  M.  Manotte 
had  made  it  by  his  calculus  490  fathoms,  and  M. 
Pafcal  500  fathoms. 

It  will  hereafter  appear,  that  the  height  of  Pui 
de  Dome  above  Clermont  is  upwards  of  500  fa¬ 
thoms,  and  confequently  differs  {till  farther  from 
the  448  fathoms,  which  arife  from  the  principals 
of  M.  Mariotte , 

It  may  here  be  proper  to  enquire,  whether  the 
obfervations,  fince  made  by  M.  de  la  Hire  on  the 
mountain  Clairet  in  Provence ,  and  thofe  made  by 
myfelf  in  my  expedition  for  continuing  the  meri¬ 
dian,  agree  with  the  principals  of  M.  Mariotte . 
- M.  de  la  Hire  found  upon  the  mountain  Clai¬ 
ret  the  height  of  the  mercury  to  be  26  inches, 
4  lines  f  ;  and  the  like  operation  being  repeated 
at  the  edge  of  the  fea  3  hours  after,  the  mercu¬ 
ry  was  found  28  inches,  2  lines  high,  the  diffe¬ 
rence  therefore  is  1  inch,  9  lines  j,  and  the  height 
of  the  rock  was  found  by  menfuration  to  be  277 
fathoms. 

Now  by  the  table  calculated  on  M.  Mariotte' s 
principals,  the  height  of  air  correfponding  to  1 
inch,  9  lines  j,  is  233  fathoms,  3  inches,  which 
is  lefs  by  23  fathoms  |,  than  what  M.  de  la  Hire 
found  it  by  his  obfervations. 

One  of  the  mod  acurate  obfervations  I  made  in 
continuing  the  meridian,  was  on  the  tower  de  la 
Majfana ,  near  de  Collioure.  The  diftance  of  this 
tower,  from  the  place  where  we  oblerved  its 

height. 
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height,  was  determined  by  the  triangles  of  the 
meridian  line.  The  height  of  the  place  of  obfer- 
vation  at  Collioure ,  above  the  furface  of  the  fea, 
was  meafured  very  exactly  with  a  cord,  and  the 
angle  of  height  taken  with  a  very  good  inftru- 
ment,  was  above  7  degrees  ;  fo  that  an  error  of 
a  minute  in  the  observation  would  not  have  occa- 
fioned  an  error  of  a  fathom  in  the  determination 
of  the  height. 

This  height  was  further  confirmed  by  an  ob« 
fervation  made  from  the  tower  de  S.  Elme ,  whofe 
height  from  the  furface  of  the  fea,  was  exactly 
known  by  the  firft  obfervation,  we  determined 
the  height  of  this  tower  above  the  place  of  obfer¬ 
vation  at  Collioure  to  be  397  fathoms,  and  above 
the  furface  of  the  fea  408  fathoms. 

On  the  1 2  th  of  March,  when  the  baromrter  at 
Collioure  flood  at  28  inches,  we  carried  it  to  the 
foot  of  the  tower  de  la  Majfane ,  where  we  found 
the  mercury  funk  to  25  inches,  5  lines,  the  dif¬ 
ference  is  2  inches,  7  lines,  which  correfpond  to 
397  fathoms  *,  looking  in  the  table  for  the  height 
of  air  correfpond ing  to  2  inches,  7  lines,  we  find 
it  342  fathoms  in  lieu  of  397  found  by  the  ob¬ 
fervation. 

Hence  it  appears,  that  the  heights  arifing  from 
the  principal  of  M.  Mariotte ,  do  not  agree  with 
obfervation,  but  recede  the  further  therefrom,  as 
the  diftances  are  greater  ;  for  there  is  no  room  to 
afcribe  this  difference  of  55  fathoms,  found  be¬ 
tween  thefe  heights,  to  any  error  that  could  have 
crept  into  the  menfurations  of  the  heights  of  the 
mountain  and  mercury,  thofe  obfervations  having 
been  made  with  all  the  exaftnefs  imaginable. 

We  took  the  height  of  Bugaracbe ,  a  moun¬ 
tain  of  Languedoc  near  the  fea- .  oaft,  in  three  dif¬ 
ferent  manners,  and  found  it  648  fathoms, 
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The  height  of  the  mercury  was  here  found  on 
the  1 5  th  of  January  two  hours  afternoon,  to  be 
23  inches,  8  lines  At  Paris ,  it  was  found  on 
the  fame  day,  at  7  in  the  morning,  27  inches,  3 
lines  and  it  funk  in  the  courfe  of  the  day  about 
|  a  line  ;  fo  that  we  may  fuppofe  it  27  inches,  3 
lines,  and  by  adding  thereto  the  4  lines  corres¬ 
ponding  to  the  40  fathoms  height  of  the  obfer- 
vatory  above  the  furface  of  the  fea,  we  fhall 
have  the  height  of  the  mercury  on  a  level  with 
the  fea,  27  inches,  7  lines,  which  is  more  than 
what  we  found  at  Bugarache ,  by  3  inches,  10 
lines  j. 

In  the  table,  we  find  that  the  height  of  air  cor- 
refponding  to  3  inches,  10  lines  is  527  fa¬ 
thoms,  which  is  lefs  by  121  fathoms  than  the 
648  fathoms,  found  by  the  o’ofervation  of  the 
height  of  the  mountain.  Could  the  height  of  the 
mercury  at  the  brink  of  the  fea,  have  been  ob- 
ferved  at  the  fame  time  that  we  obferved  it  on 
the  mountain,  nothing  could  have  been  further 
required  for  the  exa<5tnefs  of  the  obfervation  ; 
but  this  we  could  not  do  becaufe  otherwife  em¬ 
ployed. 

The  two  mod  confiderable  obfervations  after 
thcfe,  were  thofe  of  two  mountains  of  Auvergne , 
near  the  mount  d’Or ;  one  whereof  is  called  la 
Cofte ,  and  the  other  la  C our l and.  On  the  firft  of 
thefe,  which  is  851  fathoms  above  the  furface 
of  the  fea,  we  found  the  height  of  the  mercury 
on  the  pfh  of  October,  3  hours  after  noon,  to  be 
23  inches,  4  lines.  At  Paris ,  it  was  found  at  5 
in  the  evening,  27  inches,  10  lines,  which  is 
higher  by  4  inches,  6  lines,  than  on  the  top  of 
the  mountain. 

On  the  1 2th  of  Ottober,  about  noon,  we  find 
on  the  top  of  the.  Courlande ,  which  is  838  fa¬ 
thoms 
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thorns  above  the  Tea,  the  height  of  the  mercury 
to  be  23  inches,  4  lines.  At  Paris,  it  was  27 
inches,  10  lines,  which  is  higher  by  4  inches,  6 
lines,  than  on  the  top  of  the  mountain,  agreeably 
to  what  we  found  on  the  mountain  de  la  Cofte, 
This  difference  fhould  have  been  fomewhat  lefs, 
by  reafon  that  the  height  of  the  Courlande  is  not  fo 
great  as  that  of  la  Cofte ;  but  there  is  no  hopes 
of  arriving  at  a  greater  exa£lnefs,  it  being  im- 
poffible  but  fome  error  muft  arife,  both  in  the 
oblervation  of  the  heights  taken  with  inflruments, 
and  in  thofe  of  the  barometer,  obferved  in  two 
different  places  *,  adding  4  lines,  which  correfpond 
to  the  height  of  the  obfervatory,  to  4  inches,  6 
lines  difference,  between  the  heights  of  mercury 
found  at  the  fame  time  on  thefe  mountains  and 
at  the  obfervatory,  we  fhall  have  4  inches,  10 
lines  for  the  difference  of  the  height  between  the 
fur  face  of  the  fea  and  the  top  of  thefe  mountains, 
which  we  may  fuppofe  844  fathoms,  by  taking 
a  medium  between  the  two  obfervations. 

For  thefe  4  inches,  10  lines,  the  table  gives  us 
669  fathoms  high  in  lieu  of  844  fathoms  found 
by  obfervation,  which  makes  a  difference  of  175 
fathoms.  This  is  too  confiderable,  to  be  owing 
to  any  error  in  the  obfervations  j  for  tho’  the 
mountain  be  at  a  di fiance  from  the  fea,  yet  its 
height  is  found  exactly  enough,  without  any  great 
number  of  operations. 

It  remains  to  examine  the  refult  of  the  obferva¬ 
tion  made  on  the  Pm  de  Dome ,  whole  height  a- 
bove  the  furface  of  the  fea,  was  found  810  fa¬ 
thoms. 

It  were/o  be  wifhed,  that  while  M.  Perier  ob¬ 
ferved  the  mercury  on  this  mountain,  and  that  of 
Clermont ,  the  like  had  been  done  at  Paris ,  whofe 
height  above  the  furface  of  the  fea  is  precifely 

LI  2  known j. 


260  fhe  History  and  Memoirs  of  the 

known  •,  but  this  defeat  may  be  fupplied  by  feme 
obfervations  of  the  greateft  and  leaft  height  of  the 
mercury  at  Paris  and  Clermont ,  related  in  a  letter 
of  M.  Perier ,  inferted  in  the  treatife  of  the  equi¬ 
librium  of  fluids. 

At  Clermont^  the  highefl  was  26  inches,  11 

lines  1,  Feb.  the  14th,  1651. 

At  Paris ,  the  highefl:  was  28  inches,  7  lines, 

Nov.  the  3d  and  5th,  1649. 

The  difference  is  1  inch,  7  lines  7. 

At  Clermont ,  the  loweft  was  2  5  inches,  S  lines. 
Obi.  the  5th,  1649. 

At  Pans ,  the  lowed  was  27  inches,  3  lines  i, 
Obi.  the  4th,  1649. 

The  difference  is  1  inch,  7  lines  \ . 

The  difference  between  the  greateft:  height  of 
the  barometer  at  Paris  and  at  Clermont ,  is  1  inch, 

7  lines  7  *,  the  fame  which  is  found  between  the 
barometer  at  thofe  two  places  when  the  lowed, 
which  feems  to  intimate,  that  there  is  nearly  the 
fame  conftitution  of  air  in  both  places. 

If  this  difference  therefore  be  fuppofed  the 
fame  that  correfponds  to  the  difference  of  height 
between  Clermont  and  Pans ,  and  that  the  place 
of  obfervation  at  Paris  be  2  5  fathoms  above  the 
level  of  the  fea,  which  correipond  to  2  lines  \  o.f 
mercury,  we  fhall  have  1  inch,  10  lines  of  mer¬ 
cury,  for  the  height  of  Clermont  above  the  furface 
of  the  fea. 

Now  for  1  inch,  10  lines,  the  table  gives  us 
239  fathoms  for  the  height  of  Clermont  above 
the  furface  of  the  fea,  which  fubftradted  from 
810  fathoms,  the  height  of  Put  de  Dome  above 
the  furface  of  the  fea,  leaves  571  fathoms  for  the 
height  of  Put  de  Dome  above  Clermont ,  in  lieu  of  « 
500  fathoms,  which  M.  Perier  fuppofes  of  490 
fathoms,  which  M,  Mariotte  reduces  by  his  cal- 
3  cuius >  , 
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cuius i  and  of  448  which  follow  from  his  princi¬ 
ples,  all  the  obfervations  hitherto  related  confpire 
in  making  the  dilatation  of  the  air,  as  we  recede 
from  tbe  earth,  greater  than  what  agrees  with  the 
principals  of  M .Mariotte^  it  evenfeems,  as  if  in  the 
two  obfervations  compared  by  him  with  his  rules, 
he  had  been  aware  of  this  difficulty,  and  had  been 
induced  thereby  to  depart  in  fome  meafure  from 
his  rules,  and  make  ufe  of  an  arithmetical  pro¬ 
gression,  which  he  fuppofes  not  to  differ  fenfibly 
from  the  geometrical  one  ;  tho9  we  have  ffiewn, 
that  the  difference  is  in  reality  very  conside¬ 
rable. 

The  height  of  the  air,  which  arifes  from  M. 
Mariotte* s  rules,  deviating  fo  far  from  the  obfer¬ 
vations  above  related,  9tis  no  wonder,  it  Should 
not  agree  with  what  M.  Maraldi  has  eftablifhed, 
which  is  founded  on  experiment,  and  exhibits  all 
our  obfervations  with  tolerable  exadlnefs;  they 
may  eafily  be  compared  together,  the  heights  of 
air  arifmg  from  M.  Mariettas  rule  being  placed 
in  the  table  againft  thofe  arifing  from  our  obfer¬ 
vations,  it  will  here  appear,  that  at  5  inches  fall 
of  mercury,  the  height  of  air  corresponding  to 
a  line  of  mercury.  Should  be  20  fathoms,  which 
is  rarer  by  \  than  in  a  level  with  the  fea,  in  lieu 
of  12  fathoms,  4  inches,  8  lines,  which  arife 
from  the  rules  ofM.  Mariotte ,  &c. 

It  will  be  difficult  likewife  to  reconcile  the  con- 
fequences  flowing  from  his  experiments,  with  his 
reafonings. — For  inftance,  firft,  that  if  luke-warm 
water  be  placed  \  of  a  league  high,  it  will  boil 
Since  in  the  receiver  of  an  air-pump  it  boils  ve¬ 
hemently,  when  |  the  air  is  exhaufted.  And, 
2dly,  that  if  there  were  a  .mountain  a  league  and 
a  half  high,  men,  or  even  birds,  could  not  live 
thereon,  by  reafon  their  blood  being  only  preffed 


262  "The  History  and  Memoirs  of  the 

by  half  the  weight  of  air,  and  being  hotter  than 
luke-warm  water,  would  yield  abundance  of  air- 
bubbles,  which  would  prevent  its  circulation,  and 
difturb  the  natural  ceconomy  of  the  heart,  and 
other  parts. 

For,  according  to  our  obfervations,  the  height 
of  air  correfponding  to  a  line  of  mercury  at  844 
fathoms  height,  is  19  fathoms,  3  feet,  which  is 
fomewhat  lefs  than  double  the  height  correfpond¬ 
ing  to  a  line  of  mercury  on  a  level  with  the  fea, 
and  yet  we  perceived  no  inconvenience  from  the 
rarefaction  of  the  air,  if  we  fuppofe  the  dilatation 
of  the  air  to  perfift  in  the  ratio  above-eftablifhed 
from  experiment,  the  height  of  air  correfpond¬ 
ing  to  a  line  of  mercury  on  the  Canigou ,  which 
is  1450  fathoms,  or  \  of  a  league  high  above 
thelurfaceof  the  fea,  will  be  found  24  fathoms; 
but  tho*  we  were  only  to  fuppofe  it  a  little  above 
20  fathoms,  this  fhould  fuffice  to  produce  all  the 
effedts  mentioned  by  M.  Mariotte ;  and  yet  feve- 
ral  perfons  have  been  on  the  mountain,  and 
a  pyramid  was  even  eredted  by  his  majefty’s  com¬ 
mand  on  the  highcft  part  of  it,  for  the  conve- 
niency  of  our  obfervations,  yet  we  do  not  hear 
of  any  fuch  accident  befalling  them. 


A 


263 

A  table  of  the  height  of  air  which  anfwers 
to  the  height  of  the  quickfilver  in  the  ba¬ 
rometer . 
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VI.  That  the  experiments ,  «/£*/  to  prove  that 
fluids  are  firfl  condenfed  and  cooled  before 
they  arc  dilated ,  at  the  approach  of  heat , 
db  720/  prove  it ;  and  that  this  apparent 
condenfation  is  merely  owing  to  the  dila¬ 
tation  of  the  glafs  and  of  the  veffels ,  which 
contain  thefe  fluids ,  by  M.  A  montons 
tranflated  by  Mr.  Chambers. 

Tho’  reafonings,  founded  on  experiment, 
fhould  always  be  the  fureft  and  moft  juft,  yet 
we  are  frequently  betrayed  into  errors  by  means 
thereof.  At  a  meeting  of  the  academy  on  the 
1 2th  of  laft  November ,  I  fhewed,  that  a  glafs 
bottle,  terminated  with  a  narrow  neck  or  tube, 
being  filled  with  water  to  about  \  the  height  of 
the  tube,  and  the  hands  applied  thereon,  the  heat 
of  the  hand  funk  the  water  in  the  tube  before  it 
made  it  rife. 

And  M.  Geoffroy ,  in  a  memoir  upon  cold  diftb- 
lutions,  relates  a  parallel  fadl  ;  putting,  fays  he, 
fome  cold  water  in  a  large  bafon,  I  plunged  a 
glafs  cucurbit  full  of  equally  cold  water  in  the 
middle  thereof,  and  put  a  very  adtive  thermo¬ 
meter  in  the  cucurbit,  then  calling  4  or  5  fhovels 
of  lighted  coals  into  the  baton,  the  liquor  in  the 
thermometer  inftantly  funk  2  or  3  lines,  but  role 
again  in  a  few  moments,  &c. 

In  my  phyfical  remarks  and  experiments,  £siV. 
printed  in  1694,  fpeaking  of  2  thermometers, 
one  whereof  was  full  of  aqua  fecunda ,  and  the 
other  of  fpirit  of  wine  •,  I  obferved,  that  having 
applied  my  hand  upon  the  former  thermometer, 
I  found  it  firft  fink  upwards  of  a  line,  after 

*  Mar.  18,  1705. 
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M  m 


which 


266  The  History  and  Memoirs  of  the 

which  it  rofe  again  very  confiderably,  while  the 
other  thermometer,  which  I  held  in  the  other 
hand,  arofe  at  once,  without  any  other  fall  of  its 
liquor  at  all. 

But  before  any  of  this,  Borelli  and  Ifaac  V of 
Jtus ,  the  firft,  in  his  treatife  of  percufUon,  and 
the  other,  in  his  treatife  of  the  motion  of  the 
winds  and  fea,  mention  the  like  experiments  *, 
fiat ,  fays  Borelli  *,  phiala  vitrea  ABC,  ejufque 
fiftula  tenuiffima  A  B,  impleaturque  aqua  vel  quo - 
libet  alio  fluido  ufque  ad  terminum  D :  Ji  poftea 
eadem  phiala  immergatur  intra  vas  E  F  G  H, 
aqua  calida  plenum  fubito  aqua  deprimitur  a  figno 
D  ufque  ad  O,  Cf  e  contra  fi  immergatur  intra 
aquam  glacialem  fubito  aqua  fublevatur  ufque 
ad fignum  I.  As  to  Ifaac  Vojfius ,  his  way  of  re- 
prefenting  the  experiment  is  thus :  Take  a  glafs 
bottle  with  a  broad  belly  and  a  narrow  neck,  fill 
it  full  of  cold  water,  and  plunge  it  in  hot  or 
barely  lukewarm  water;  after  the  firft  fhrinking, 
which  only  holds  a  moment,  and  which,  upon 
the  fudden  contact  of  the  hot  water,  makes  the 
cold  fink  a  little,  it  quickly  rifes  again,  but  if 
you  heat  the  water  in  the  bottle  ever  fo  little, 
and  plunge  it  in  cold  water,  the  contrary  will  be 
found. 

Now  tho’  each  of  thefe  experiments  have  fome- 
thing  peculiar  to  them,  which  fhews,  that  they 
had  all  been  made  feparately,  yet  they  agree 
in  this,  that  the  liquor  finks  firft  before  it  rifes, 
upon  the  approach  of  heat,  which  could  not  be, 
unlefs  either  the  capacity  of  the  bottle  were  in- 
creafed,  or  the  liquor  contained  in  it  condenfed, 
or  both  the  one  and  the  other,  which  has  given 
rife  to  two  different  opinions. 

*  Plate  V.  Fig.  3.  \  * 

Vojfius 
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Vojfius  and  M.  Geoffroy ,  hold  for  the  conden- 
fation  of  the  liquor,  and  Borelli ,  to  whom  I  like- 
wife  adhere,  for  the  dilatation  of  the  glafs ;  in 
effect,  the  former  fyftem,  which  appears  only 
like  a  paradox,  will  perhaps  be  found  at  bottom 
a  meer  paralogifm,  it  being  utterly  inconceivable 
how  heat  fhould  condenfe  a  liquor,  which  makes 
fo  obftinate  a  refiftance  againft  all  comprefiion, 
as  common  water  is  known  to  do ;  the  moft 
plaufible  way  of  folving  it  would  be,  by  al- 
iedging,  that  the  fiery  particles,  diffufed  thro*  all 
bodies,  both  folid  and  fluid,  have  a  tendency  to 
re-unite,  where  they  happen  to  be,  in  the  greateft 
quantity,  which  makes  them  relinquifh  for  a 

little  time,  thofe  places  where  they  are  fewer - 

but  till  there  be  fome  experiment  to  fupport  this 
rcafoning,  it  will  have  no  great  force. 

By  the  way,  it  being  of  the  lafl  importance, 
if  we  would  extend  our  knowledge,  not  to  admit 
any  falfe  principal,  and  there  being  but  too  much 
biafis  in  our  nature,  to  what  feems  furprifing, 
it  may  not  be  amifs  to  make  a  ftridt  fcrutiny  of 
thefe  opinions,  in  order  whereto  I  argue  thus  : 

If  the  feeming  condenfation  of  the  fluid,  upon 
the  approach  of  heat  be  real,  its  effedt  will  be 
more  fenfible,  the  more  fufceptible  of  conden¬ 
fation  the  liquor  made  ufe  of  is  ;  and  on  the  con¬ 
trary,  if  it  be  the  bottle  that  inlarges  its  capa¬ 
city,  the  effiedb  will  be  the  lefs  fenfible,  as  the  li¬ 
quor  made  ufe  of  is  more  liable  to  be  condenfed, 
inafmuch  as  it  cannot  have  this  quality,  without 
at  the  fame  time  having  its  oppofite  one,  viz. 
rarefaction,  which  of  courfe  will  undo  the  effedb 
of  the  augmentation  of  the  bottle  more  readily, 
than  a  fluid  which  rarefies  with  lels  eal'e  *,  and  this 
is  what  we  adtually  find  *,  for  in  the  experiment 
above  related  of  the  two  thermometers,  one  filled 
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with  aqua  fecunda ,  and  the  other  with  fpirit  of 
wine;  tho’  my  two  hands  were  heated  as  equally 
as  poflible,  I  perceived  no  condenlation  in  the 
fpirit  of  wine  oefore  it  rofe,  tho*  there  was  a  very 
fenfible  one  in  the  aqua  fecunda ;  and  this,  not- 
withftanding  that  the  bowl  of  the  former  was  12 
times  lefs  than  that  of  the  latter,  where,  if  the 
liquor  had  really  condenfed  upon  the  approach  of 
heat,  fo  fmall  a  body  mud:  certainly  have  felt 
the  impreffion  fooner  than  a  greater  one  ;  for  not- 
withftanding  its  fmallnefs,  its  dilatation  was  6 
times  greater  than  the  large  one,  lo  that  there 
could  be  no  reafon  to  hinder  the  fpirit  of  wine 
from  condenfing  more  confiderabiy  than  the  aqua 
fecunda ,  provided  the  condenlation  had  really 
taken  place ;  and  hence  we  may  fafely  infer, 
that  ’tis  the  dilatation  of  the  glafs,  which  by 
increafmg  the  capacity  of  the  bowls,  produces 
this  appearance  of  condenfation  in  the  fluid,  and 
that  it  can  no  longer  be  urged,  as  is  done  by 
Voffius ,  that  heat  condenfes  fluids,  before  it  di¬ 
lates  them,  any  more  than  that  fuch  fluids  are 
colder  at  this  time,  than  before  the  heat  came 
near  them  ;  an  opinion  which  has  nothing  in  na¬ 
ture  to  keep  it  in  countenance. 

Tho’  this  experiment  might  have  fufficed  to 
fhew,  that  thofe  already  related,  do  not  prove 
the  cooling  or  condenfation  of  fluids,  upon  the 
approach  of  heat,  I  have  further  confirmed  it 
by  another. 

Thrufting  the  glafs  tube  *  A  B,  thro’  the  cork 
C,  which  flops  a  bottle  D  E,  about  3  inches  in 
diameter,  and  4  inches  high,  almoft  to  the  bot¬ 
tom  of  the  bottle,  till  the  tube  dipped  in  a  little 
water  depoflted  therein,  while  the  reft  of  the 
*  Fig.  4. 
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bottle  was  only  full  of  air,  which  raifed  the  water 
of  the  tube  to  F  2  or  3  inches  above  the  neck  of 
the  bottle. 

Now  every  body  knows,  that  air  readily  re¬ 
ceives  the  impreflion  of  cold,  and  that  we 
have  no  nicer  "hermometers  than  thofe  made  in 
this  manner,  and  yet  applying  both  my  hands 
upon  rhe  bottle,  the  water  in  the  tube  did  not 
fink  above  2  or  3  lines,  and  even  upon  repeating 
the  experiment  feveral  more  times,  it  did  not  fink 
at  all,  but  rofe  quickly  to  the  top  of  the  tube, 
whereas,  when  the  bottle  is  quite  full  of  water, 
the  defcent  of  the  water  in  the  tube  A  B,  by  the 
warmth  of  the  hand,  is  upwards  of  f  an  inch. 

I  might  eafily  have  repeated  thefe  experiments, 
with  other  degrees  of  heat,  more  confiderable 
than  thofe  of  the  hand,  but  this  feems  unne- 
cefifary. 

E’re  we  conclude,  it  may  be  obferved,  that 
by  thefe  words  of  Borelli ,  impleaturque  aqua  vel 
quolibet  alio  fluido ,  it  appears,  that  tho’  he  really 
afcribed  the  finking  of  the  water  to  the  dilata¬ 
tion  of  the  bottle,  he  had  confidered  the  different 
fenfibility  of  liquors,  tho9  this  difference  of  fen- 
fibility  be  the  only  proof  of  the  dilatation  of 
gkfs. 

VII.  Obfervations  on  the  decimation  of  the 
needle ,  made  in  a  voyage  from  France  to 
the  Eaff-Indies,  and  in  the  return  from 
the  Indies  to  France,  in  the  years  1703 
and  1704,  by  M.  Caffini  the  fon 

1 

M.  Gualtieri ,  the  pope’s  nuncio  in  ordinary, 
communicated  to  us  lately  two  charts,  which  were 

*  March  28,  1705. 
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given  him  by  the  chevalier  de  Fontenay ,  who 
commanded  the  vdfels  le  Maurepas ,  and  le  Pon - 
dichery ,  which  carried  the  pope’s  legate  to  the 
Indies .  In  thefe  charts  are  described  the  courfe, 
they  went  day  by  day  from  P or t-  Louis ,  whence 
they  failed  April  23,  1703,  to  Malacca ,  and 
from  Malacca  to  Port-  Louis^  where  they  arri¬ 
ved  in  Auguft ,  1  704.  On  one  of  thefe  charts 
is  defcribed  the  variation  of  the  needle,  obfer- 
ved  not  only  in  the  voyage  from  France  to  the 
Indies ,  but  alfo  in  the  return  ;  and  there  is  a 
much  more  confiderable  number  of  them,  than 
M.  de  May  has  defcribed  on  his  chart,  the  rela¬ 
tion  of  which  we  have  already  made  to  the 
academy. 

Among  thefe  obfervafions,  there  are  many 
which  were  made  on  the  fame  days  with  thofe 
of  M.  de  May .  There  are  alfo  feme  in  M.  de 
May’s  chart,  which  are  not  defcribed  on  the 
new  chart*,  fo  that  it  appears  they  have  been 
made  by  different  obfervers,  and  perhaps  even 
in  two  different  fhips,  thofe  which  were  made  on 
the  fame  day,  not  agreeing  all  of  them  exactly, 
having  fome  difference  in  fome  of  them,  which 
neverthelefs  does  not  exceed  more  than  half  a  de¬ 
gree.  That  agreement  which  we  have  already 
found  between  the  variations  obferved  by  M.  de 
May ,  and  thofe  remarked  by  Dr.  Halley ,  in  his 
chart,  has  induced  us  to  examine  thofe  which 
we  have  fince  received  *,  and  we  have  placed 
on  Dr.  Halley’s  chart,  all  the  obfervations  which 
are  remarked  on  thefe  new  courfes,  which  are  to 
the  number  of  94. 

To  place  them  with  the  greateft  exadtnefs 
poffiblv,  regard  has  been  had  to  the  longitude, 
which  is  defcribed  in  thefe  different  charts.  In 
the  chevalier  de  Fontenay’ s  chart,  the  firft  me¬ 
ridian 
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ridian  pafles  through  Cape-Verd .  The  longitude 
of  the  Cape  of  Good-Hope ,  is  there  fet  down  al 
38°  j  that  of  the  ifle  of  Bourbon  ox  Maf car egne^ 
where  they  landed  going  and  coming,  at  7 6Q  * 
of  Pondicbery ,  102°,  3 o'  *,  and  of  Malacca y 
122°. 

In  Dr.  Halley’s  chart,  which  takes  the  longi¬ 
tudes  from  the  meridian  of  London ,  the  diffe¬ 
rence  between  the  longitude  of  Cape-Verd ,  and 
the  Cape  of  Good- Hope ,  is  there  faid  to  be  330  f, 
which  is  40  \  left  than  in  the  new  chart.  The 
difference  which  is  between  the  Cape  of  Good~ 
Hope  and  the  ifle  of  Bourbon ,  38°  \  between  the 
ifle  of  Bourbon  and  Pondicbery ,  250,  40'  ;  and 
between  Pondicbery  and  Malacca ,  230. 

The  difference  of  longitude  between  Cape- 
Verd  and  the  Cape  of  Good- Hope ,  being  not  the 
fame  in  thefe  two  charts,  the  neceflary  reduction 
has  been  made,  to  place  on  Dr.  Halley’s  chart, 
thofe  places  where  the  declination  was  obferved 
in  the  new  chart,  which  are  comprifed  between 
the  meridians  of  thefe  two  capes.  As  to  the 
other  differences  which  are  very  near  the  fame, 
there  was  no  need  of  making  any  confiderable 
reductions  in  them. 

It  is  feen  by  comparing  thefe  obfervations, 
that  there  are  many  of  them  which  give  pre- 
cifely  the  fame  declination  of  the  needle,  as  is 
deferibed  in  the  chart  of  variations ;  and  that 
the  greatefl  part  of  them  are  not  more  than  a  de¬ 
gree  diftant  from  it.  Some  of  them  differ  more 
confiderably,  principally  thofe  which  were  ob¬ 
ferved  in  the  return,  from  106°,  50'  longitude  1 
and  5®  fouth  latitude,  to  8i°,  30'  longitude, 
and  200,  30'  fouth  latitude.  Thefe  obfervations 
differ  from  thofe  deferibed  in  the  chart  of  varia¬ 
tions,  from  3  to  8  degrees,  and  do  not  even 
1  ,  agree 
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agree  with  thofe  which  were  made  in  the  voyage 
from  France  to  the  Indies ,  which  are  a  little 
more  fouthward.  Thus  it  may  be  conjedlured, 
that  there  was  fome  particular  caufe,  which  pro¬ 
duced  thefc  differences. 

I  have  (aid  in  the  preceding  memoir,  that  if  on 
examining  the  obfervations  of  the  variation  of 
the  needle  made  in  feveral  other  courfes,  there  is 
found  a  like  conformity  with  that  which  I  have 
related,  fome  ufe  might  alfo  be  made  of  it,  in 
determining  the  longitudes,  more  efpecially  in 
thofe  feas  which  are  beyond  the  equator,  where 
the  lines  which  mark  the  variations,  cut  the  pa¬ 
rallels  more  perpendicularly.  This  is  confirmed 
by  fome  obfervations,  which  F.  Noel  has  com¬ 
municated  to  us  within  thefe  few  days.  This 
is  what  he  relates. 

“  Sailing  in  the  Indies ,  in  the  year  1684,  I 
<c  perceived  by  feveral  pilots  journals,  and  by 
<c  the  conventions  which  I  had  with  them,  that 
<c  the  variation  of  the  needle  has  certain  bounds 
<c  and  fixed  rules,  at  leaft  in  regard  to  certain 
<c  places  of  the  earth ;  fo  that  when  it  is  come 
<c  to  certain  degrees  N.  E.  or  N.  W.  it  returns 
<c  towards  the  N.  and  never  goes  through  the 
“  whole  circle  *,  fo  that  formerly  it  was  N.  E. 
<c  in  fome  places,  where  it  is  now  N.  W.  The 
<c  annual  difference  of  this  variation,  by  com- 
<c  paring  the  journals  of  fnany  years,  was  found 
<c  to  be  from  o,  9',  30".  In  the  year  1702,  when 
<c  I  returned  from  China  to  the  Cape  of  Good- 
“  Hops,  the  needle  declined  120,  30',  from  N. 
‘c  to  W.  At  100  leagues  from  this  cape  towards 
<c  the  Indies ,  it  was  150.  At  the  point  of  the 
“  ifle  of  Madagafcar ,  it  was  270,  which  was 
<c  much  greater  than  when  I  firfl  paffed  by  there, 

“  going  to  the  Indies .  It  keeps  this  rule  pretty 

“  cer-  • 
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cc  certainly,  from  the  port  of  Lisbon  to  the  hi - 
**  dies,  fo  that  pilots,  by  infpedting  the  needle’s 
<c  variation,  know  certainly  at  what  longitude 
“  from  land,  and  at  what  place  they  are.  It  is 
cc  now  fixed  in  the  middle  of  the  paffage,  between 
“  the  Brafils  and  Africa ,  that  is,  it  neither  de- 
“  dines  to  the  E.  nor  W.  It  muft  be  obferved, 
<c  that  fometimes  the  needle  lofes  its  virtue  by 
<c  length  of  time,  and  through  the  bad  tempera- 
<c  ture  of  the  air. 

VIII.  New  obfervations  on  the  load-jlone  and 
on  the  m  a  metical  needle ,  by  M.  de  la  Hire, 
junior  tranjlated  by  Mr.  Chambers. 

I  do  not  here  propofe  to  give  a  new  fyftem  of  the 
load-done,  nor  to  enumerate,  nor  to  relate  the 
feveral  virtues  of  that  done ;  or  the  effedfs  ob- 
ferved  in  Reel,  or  iron  touched  thereby,  but  fliall 
only  endeavour  to  clear  up  fome  difficulties  which 
occur  in  obfervations  made  with  a  needle ;  and 
fubjoin  fome  remarks  upon  the  nature  of  the 
load-done  itfelf,  and  its  comparifon  with  our 
globe  of  earth  ;  which,  by  all  the  experiments 
hitherto  made,  appears  to  be  a  real  load-done. 

’Tis  known,  that  ail  obfervations  of  the  va¬ 
riation  of  the  needle  made  at  fea,  are  liable  to 
many  errors,  on  account  of  the  great  quantity  of 
iron  in  all  veffels,  which,  according  to  its  feve¬ 
ral  pofitions,  will  draw  the  needle  out  of  its  fue 
direction,  not  to  mention  the  ufual  condruhlion 
of  this  needle,  or  compafs,  as  ’tis  called,  which 
is  too  grofs  to  give  the  declination  very  exact  ; 
but  the  obfervations,  which  we  now  make  at 
land  with  large  needles,  very  delicately  hung,  as 
that  of  8  inches  long,  which  we  have  uled  from 
*  April  22.  1705. 

*  Vol.  II.  N°.  19.  N  n 
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the  year  1682,  after  firft  determining  a  meri¬ 
dian  plane  with  all  the  juflnefs  imaginable,  and 
far  from  all  ferruginous  matter  to  apply  the  fide 
of  the  box  to  have  allured  us  of  the  juft  declina¬ 
tion  of  the  needle,  and  of  its  progrefiion,  or 
changing,  called  its  variation,  as  may  appear 
from  feveral  memoirs,  which  we  have  already 
publifhed. 

Some  philofophers  have  imagined,  not  without 
a  Ihew  of  reafon,  that  the  needles  touched  with 
different  ftones,  do  not  exhibit  different  declina¬ 
tions,  on  account  of  the  varieties  obfervable  in 
different  needles  at  the  lame  place,  yet  that  fuch 
inequalities  might  arife  from  the  different  ftruc- 
ture  of  the  needles. 

For  needles  touched  with  a  Hone,  have  only 
received  from  it  a  difpofition  in  their  pores,  to 
let  the  magnetic  matter,  circulating  in  a  certain 
direction  round  the  earth,  pafs  through  them, 
after  the  lame  manner  as  the  load-ftones  them- 
felves  received  this  property  at  their  firft  forma¬ 
tion.  So  that  the  different  load-ftones  cannot  give 
different  virtues  to  the  needles,  which  can  receive 
no  direction,  but  according  to  the  courfe  of  the 
magnetic  matter,  which  being  the  fame  in  the 
fame  place  of  the  earth,  muft  give  them  the  fame 
direction  with  its  own  ;  but  tho’  the  magnetic 
matter  act  equajly,  and  in  the  fame  direction  in 
the  fime  place,  it  may  be  diverted  therefrom,  and 
this  differently,  according  to  the  different  difpo¬ 
fition  and  figure  of  the  bodies  which  receive  it, 
as  we  find  befcl  two  load-ftones,  or  two  needles, 
when  placed  at  liberty  near  each  other  out  of  the 
line  of  direction. 

This  made  it  be  imagined,  that  needles,  which 
have  two  pieces  of  fteel  at  their  ends  joined  to¬ 
gether  by  a  (lender  thread,  might  be  confidered  as 

two 
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two  load-ftones,  of  different  flrength  and  figure, 
placed  apart  from  each  other,  but  connected  by 
fome  intermediate  body  ;  and  if  the  two  pieces 
of  fteel  were  of  fuch  nature  or  figure,  as  that  the 
magnetic  matter  fhould  have  a  different  direction 
in  the  one  from  what  it  has  in  the  other,  and  that 
one  of  them  had  received  a  ftronger  impreffion 
from  the  touch  than  the  other,  it  will  necefiarily 
follow,  that  the  needle  muft  take  an  intermediate 
direction  compounded  of  the  two,  and  different 
from  that  of  the  magnetic  vortex  of  the  earth  ; 
confequently  fuch  needles  muft  exhibit  different 
declinations  from  each  other,  as  well  as  from 
needles  of  a  different  make. 

Needles  made  broad  in  the  middle,  when  ter¬ 
minating  in  points,  may  be  fuppofed  lefs  liable 
to  fuch  irregularities  than  thofe  thus  furnifhed 
with  pieces  of  fteel  at  their  ends ;  but  yet  they 
will  not  be  entirely  exempt  therefrom,  by  reafon 
of  the  inequalities  of  their  matter  and  figure,  which 
can  never  be  perfect. 

To  afcertain  this  point,  we  procured  4  needles 
to  be  made  bigger  at  the  middle  than  towards  the 
ends,  and  terminating  in  a  very  fine  point,  they 
were  each  of  them  8  inches  long,  two  of  them 
being  as  {trait  and  equable  as  polfible,  a  third 
crooked  like  an  S,  and  the  fourth  in  fhape  of  a 
bow  ;  one  of  the  (trait,  and  the  two  crooked  ones, 
were  touched  with  an  excellent  (tone,  which 
weighs  7  lb.  and  is  ftrong  enough  to  turn  a  needle 
6  or  7  feet  diftance  ;  fo  that  it  muft  have  a  fenfible 
vortex  round  it,  above  12  feet  in  diameter;  the 
other  needle  was  touched  with  a  very  good  (tone 
belonging  to  M.  Butterfield. 

We  proceeded  next  to  examine  the  box,  which 
was  of  an  oblong  figure,  in  order  to  Nbe  fatisfied 
whether  its  fides  were  parallel  to  each  other,  and 

N  n  2  to 
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to  the  line  which  paftcs  through  the  pivot,  and 
the  two  firft  points  of  divifion  of  the  two  arches, 
which  ferve  to  mealure  the  quantity  of  the  decli¬ 
nation,  with  regard  to  the  point  of  the  pivot  ;  and 
the  whole  being  thus  rectified,  we  found  by  feve- 
ral  obfervations,  that  the  two  ftrait  needles,  and 
that  bent  like  an  S,  had  their  points  and  the  bot¬ 
tom  of  their  cap,  which  plays  on  the  pivot,  per¬ 
fectly  in  a  right  line;  as  to  the  other  arched  one, 
we  found  one  of  its  extremities  deviate  from  the 
right  line  2° —  20'. 

This  done,  we  put  the  ftrait  needle  which 
had  been  touched  with  our  ftone,  and  which  is  the 
needle  we  commonly  ufe  to  take  the  declination 
by  in  the  box,  and  placing  the  fide  of  the  box 
againft  the  meridional  plane,  the  needle  gave  us 
90,  2  5',  declination  weftwards,  which  agrees  with 
our  other  obfervations  ;  then  we  put  the  other  ftrait 
needle  in  the  box,  which  had  been  touched  with 
M  Butterfield* s  ftone,  and  found  it  give  exadlly 
the  fame  declination  9 — 25' —  ;  yet  another 
larger  needle  than  either  of  them,  which  had 
two  pieces  of  ft  eel  at  the  ends,  and  which  had 
been  touched  with  the  fame  ftone,  had  given  us 

the  declination  9 - 52' —  i  1  the  fame  place 

fome  time  before  ;  laftly,  the  needle  bent  like  an 

S,  only  gave  it  8  - - 45';  and  the  1  aft,  which 

was’ arched  ftill  lefs,  viz.  8°- — 12' — . 

Hence  we  may  conclude,  that  needles  touched 
with  different  ftones,  do  not  give  different  decli- 
clinations;  and  that  if  there  be  any  difference,  it 
muft  either  arile  from  the  unequal  hetrogeneous 
matter,  or  from  the  figure  of  the  needle. 

This  is  confirmed  by  the  obfervations  of  the 
two  ftrait  needles ;  as  to  that  fhaped  like  an  S, 
its  two  halves  being  placed  afide  of  the  right  line 
winch  pafles  through  its  extremities,  the  point, 

»  which. 
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which  looked  towards  the  north,  only  (hewed 

8° - 45' —  in  lieu  of  90 - if  which  might 

proceed  from  the  compofition  of  the  direction  of 
the  magnetic  matter  in  the  two  parts  of  the 
needle,  and  perhaps  alfo  in  fome  meafure  from 
the  matter  thereof.  As  to  that  (haped  archwife, 
a  right  line  paffing  thro’  its  two  points,  would 

have  given  us  9 — —  32' - declination,  which 

deviates  but  little  from  that  given  by  the  (trait 
ones. 

On  the  inequalities  in  the  variation  of  the 

load-ftone. 

We  fhall  not  here  relate  the  accounts  of  feveral 
authors  touching  the  different  declinations  of  the 
needle,  the  certainty  of  whofe  obfervations  might 
be  called  in  queftion,  but  only  give  thofe  which 
we  ourfelves  have  made,  and  compare  them  with 
fome  others,  whereof  we  may  be  fully  fatisfied. 

M.  Picard  informs  us  in  his  treatife  of  the  mea¬ 
fure  of  the  earth,  that  in  the  year  1670,  he  had 

found  the  variation  at  Paris  1 - 3d - weft- 

wards  with  a  needle,  5  inches  long.  That  in  the 
year  1666,  there  was  no  fenfible  declination  at  all 
by  the  fame  needle  ;  but  that  in  1 664,  it  declined 

40' —  eaftward,  the  change  having  been  id - 

for  each  year. - In  the  manufeript  of  the  fame 

obfervations  ofM.  Picard ,  we  find  in  1680  the 

declination  of  the  fame  needle  was  i° - 40' —  ; 

confequently  from  1670  to  1680,  the  declination 

had  only  increafed  1  * — - .  io',  which  only- 

gives  7' - for  the  yearly  increafe. 

From  that  time  we  have  made  a  greater  num¬ 
ber  of  obfervations  at  the  royal  ohfervatory,  with 
a  needle  8  inches  long  already  mentioned,  I  fhall 
here  only  relate  fome  of  the  principal  ones. 


In 
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In  1683,  March  the  10th  the  declination  was 

2° - 50' - weftwards. 

In  1684  the  needle  declined  40 - 10' - 

In  1685  the  declination  ftill  remained  40 - 

3  o' - 

In  1686  it  was  4° - 30 - 

In  1692  it  declined  5 - 50'  . - 

In  1693  -  6 - 2o/ - 

In  1696  -  y' -  8' - 

In  1698  -  70 - 40' - 

In  1700  -  8° - 12' - 

In  1701  -  8  - - 25' - 

In  1704  - —  9° - 2 o' - 

By  confidering  thefe  obfervations  it  appears, 
that  the  declination  does  not  increafe  equably,  that 
fometimes  it  feems  the  fame  for  two  years  toge¬ 
ther,  but  afterwards  increafes  falter  than  it  fhould 
have  done.  Without  entering  therefore  into  the 
reafons  of  thofe  little  variations,  we  fhn.ll  con- 
rent  ourfelves  to  compare  the  diftant  obferva- 
tions  together,  in  order  to  deduce  the  law  of  the 
variation  therefrom,  there  being  no  reafon  to 
imagine,  that  from  the  time  of  its  turning  to¬ 
wards  the  weft,  it  has  either  increafed  or  Qack- 
ened  to  the  prefent  time.  Now  fetting  afide 
M.  Picard’s  obfervation  of  1680,  we  lhail  find, 
that  in  38  years,  viz.  from  1666,  to  1704,  the 
declination  has  increafed  $?,  20',  which  only 
gives  about  14'  j  for  each  year. 

It  appears  alfo  from  fome  ancient  obfervations, 
that  in  the  year  1580,  the  declination  at  Paris 
was  11  ,  30',  eaftward,  which  being  compared 
with  the  obfervation  of  1666,  when  there  was 
no  declination  at  all,  gives  fomewhat  lefs  than 
8/  —  per  year  ;  whence  one  would  imagine,  that 
the  variation  had  not  been  fo  great  in  thofe  days 

as 
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as  now.  Indeed,  it  may  be  obierved  by  the 
way,  that  5tis  not  very  eafy  to  meafure  and  efti- 
mate  minutes  exadtly,  on  a  little  circle  of  8  inches 
diameter,  and  that  the  magnetic  matter  of  the 
vortex  of  the  earth  might  not  be  powerful  e- 
nough  to  bring  a  larger  needle  exaftiy  to  the 
fame  point  ;  fo  that  5tis  no  wonder,  if  we  fome- 
times  hnd  coniiderable  diftances  between  one  year 
and  another. 

In  a  Spani/h  book,  entitled  the  Naval  'Theatre , 
by  Don  Francifco  de  Seylas  and  Louera ,  we  find 
two  caufes  afiigned  for  the  variation  of  the  decli¬ 
nation  ;  one  is  the  feveral  mines  of  load-fiones, 
found  in  the  feveral  parts  of  the  earth  ;  and  the 
other  the  nature  of  the  load-ftones,  wherewith 

the  needles  are  touched. - As  to  the  former, 

there  is  no  doubt  but  large  rocks  of  load  ftone  may 
afiedt  the  needles  when  near  them  ;  but  that  they 
fhould  have  an  effedl  at  a  great  diftance  can  hardly 
be  conceived. 

As  to  the  latter,  the  author  builds  on  fome 
experiments,  which  he  made  in  a  mine  of  load- 
ftones  in  the  province  of  Honduras ,  in  America. 
This  mine,  he  fays,  confifted  of  two  principal 
veins ;  one  whereof  was  extended  north  and 
fouth,  and  the  other  eaft  and  weft.  In  the  for¬ 
mer  vein,  he  found  a  flip  about  two  fingers  broad, 
which  was  excellent  load- ftone,  and  placing  a 
needle  along  this  flip,  he  found  it  had  no  decli¬ 
nation,  but  when  the  fame  needle  was  placed  on 
the  other  vein,  it  had  a  fenfible  declination  on 
both  fides ;  he  adds,  that  he  learnt  hereby,  that 
the  north  and  fouth  vein  predominated  over  the 
other. 

Now  what  he  fays  is  highly  probable,  but  it 
does  not  follow  hence,  that  when  the  ftones  are 
taken  out  of  the  mine,  and  needles  touched  with 

them. 
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them,  fuch  needles  muft  have  the  fame  direction, 
as  the  ftone  had  in  the  mine ;  fince  in  reality  the 
needle  does  not  take  its  direction  from  the  [tone, 
but  only  from  the  magnetic  vortex  of  the  earth  ; 
for  other  wife,  if  the  point  of  a  needle  were  touched 
with  that  fide  of  a  ltone,  which  looks  to  the  eaft 
or  weft  in  a  free  fituation,  it  would  follow,  that 
this  point  of  the  needle  would  turn  to  the  eaft  or 
weft,  which  is  contrary  to  all  experience. 

He  adds  farther,  that  having  melted  fome  of 
this  vein  of  load-ftone,  he  procured  iron  from  it, 
which  had  the  fame  virtue  as  the  ftone  itfelf; 
and  yet  5tis  well  known,  that  a  load-ftone,  when 
heated  only  red-hot  loofesall  its  virtue,  and  much 
more  muft  it  do  fo,  when  it  has  undergone  a  fu- 
fiorr.  What  further  difcredits  his  whole  account  is, 
that  he  affures  us,  that  putting  two  little  pieces  of 
this  iron  on  the  ends  of  a  needle,  it  never  varied 
either  at  land  or  fea,  a  circumftance  by  no  means 
probable,  and  contradictory  in  fome  meafure  to 
his  own  relation.-  For  what  is  now  become  of 
his  rocks  and  mines  of  load-ftone,  which  were 
laid  down  as  the  general  caufe  of  the  needles 
varying. 

Of  the  converfion  of  iron  into  load-ftone. 

If  all  the  difference  between  load-ftone  and 
animated  iron  confift  in  this,  that  the  former  is  of 
a  ftony  nature,  and  capable  of  being  broke  and 
reduced  into  a  fine  duft ;  whereas  the  latter  is  in¬ 
capable  of  both,  by  reafon  its  parts  are  fofter  and 
more  tenacious.  ’Tis  certain,  that  rufty  iron,  if 
it  be  poflefted  of  a  magnetic  power,  muft  be  con- 
fidered  as  real  load-ftone,  fince  iron  in  this  ftate 
feems  to  retain  nothing  of  the  metalline  nature, 
but  rather  appears  as  a  ftone  being  eafy  to  be  broke 
and  ground  to  duft. 

o 
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GaJJendusf  in  the  life  of  Fab.  de  Peiresk ,  relates, 
that  the  crofs  on  the  fteeple  of  St.  John  d’Aix ,  in 
Provence ,  having  been  thrown  down  by  thunder, 
it  was  obferved,  that  a  cruft  of  ruft,  which  had 
gathered  on  the  part  of  the  iron  of  the  crofs  in¬ 
ferred  into  the  wall,  was  found  very  magnetical, 
though  it  had  nothing  remaining  of  the  former 
quality  of  iron.  This  led  fome  curious  perfons  at 
Chartres ,  a  few  years  ago,  to  examine  whether 
the  ruft  on  the  bars  of  iron  that  bound  the  ftones 
of  one  of  the  fteeples  of  Notredame ,  when  they 
were  obliged  to  rebuild  it,  were  not  alfo  conver¬ 
ted  into  load-ftone,  and  after  examining  feveral 
pieces  thereof,  they  found  fome  which  were  really 
pure  load-ftones,  having  nothing  of  the  iron  re¬ 
maining,  while  others  had  no  fenfible  virtue  ;  and 
others  very  little.  Several  of  thefe  magnets  I 
have  ftill  by  me. 

On  this  occafion  my  father  fearched  among  a 
multitude  of  pieces  of  iron  ruft,  fome  of  them 
very  thick,  which  had  been  gathered  from  an- 
tient  buildings,  but  could  not  find  one  that  ap¬ 
peared  magnetical ;  this  is  eafily  diicovered  bypre- 
fenting  them  gently  to  the  point  of  an  animated 
needle ;  for  if  they  have  acquired  any  power,  they 
will  attradf  this  point  on  the  one  fide,  and  repel  it 
on  the  other. 

Upon  this,  he  bethought  of  a  method  of  mak¬ 
ing  this  kind  of  load-ftone  with  iron,  not  being 
able  to  attribute  this  converfion  of  iron  into  load- 
ftone,  but  to  twocaufes*,  the  one  the  difpofition 
of  the  iron  in  the  air  with  regard  to  the  magnetic 
vortex  of  the  earth,  which  might  have  given  it  a 
magnetic  power,  which  it  ftill  in  fome  meafure 
retained,  tho’  changed  into  ruft  or  ftone  •,  the 
other  to  a  particular  property  in  fome  iron  which  * 
difpofes  it  to  be  converted  into  load-ftone. 
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To  this  purpofe,  he  took  one  of  the  fquare 
ftones  of  St.  Leu ,  and  fawing  it  to  an  angle  of 

60’ - with  the  horizon,  placed  it  in  the  air  in 

the  direction  of  the  meridian  line,  making  withal 
feveral  grooves  in  the  flat  fide,  and  inferting  pieces 
of  iron  wiar  into  the  lame,  according  to  the  di¬ 
rection  of  the  magnetic  matter  around  the  earth, 
with  regard  to  our  horizon.  This  was  done  in 
1695,  and  the  part  of  the  (tone,  wherein  the 
wiars  were  put,  was  covered  over  with  the  reft 
which  had  been  cut  off  of  thefe  wiars.  Some 
were  animated,  and  others  not  *,  they  were  placed 
about  the  diftanceof  two  inches  from  each  other. 

The  defign  of  all  this  apparatus ,  was  only  to 
learn,  whether  when  the  iron  wiar  fhould  in 
length  of  time  be  confumed,  the  ruft  arifing 
from  it  would  not  be  a  magnetical  matter,  and 
whether  there  would  be  any  difference  between 
the  iron  which  had  been  touched,  and  that  which, 
had  not. - He  chofe  the  (tone  of  St.  Leu ,  as  be¬ 

ing  that  whereof  the  fteeple  of  Notredame  at 
Chartres  had  been  built. 

In  fine,  after  the  fpace  of  10  years,  we  found 
that  only  fome  of  the  iron  wiars  were  quite  turned 
into  rufl,  tho’  none  of  them  were  above  4  a  line 
in  diameter,  but  all  the  wiars,  whether  wholly 
or  partly  rufted,  had  a  ftrong  magnetic  power, 
as  appeared  by  prefenting  them  to  a  needle ;  and 
thofe  which  had  not  been  touched  as  much  as  the 
reft,  which  can  only  be  fuppofed  owing  to  the 
length  of  time  which  they  had  continued  in  a 
proper  pofition  to  receive  the  erfeCt  of  the  mag¬ 
netic  vortex  of  the  earth,  and  to  their  being  con¬ 
verted  either  wholly  or  partly  into  ftone.  The 
pieces  of  wiar  were  4  or  5  inches  long,  and  were 
held  horizontally  when  prefented  to  the  needle, 
to  prevent  their  becoming  animated  by  the  vor- 
i  -  text 
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ttx  of  the  earth.  Upon  the  whole,  fuch  as  were 
sntirely  changed  into  ruft,  were  real  load-ftones  ; 
and  the  like  might  be  faid  of  thofe  little  flakes 
of  ruft,  which  came  out  of  the  reft;  tho9  as 
thefe  flakes  would  nor  hang  to  the  extremity  of 
the  iron-wiar,  which  was  not  magnetical,  buc 
hung  vigoroufly  to  the  point  of  an  animated 
knife,  one  would  imagine,  that  they  were  not 
changed  into  load-ftone,  but  that  they  (till  retained 
fomet-hing  of  the  iron,  unlefs  we  chufe  to  fup- 
pofe,  thac  fuch  fmall  particles  of  load-ftone  were 
nor  ftrong  enough,  with  regard  to  their  weight, 
to  fuftain  themfelves  upon  iron,  which  had  not 
been  animated. 

It  cannot  indeed  be  abfolutely  laid,  that  ruft 
retains  none  of  the  properties  of  iron,  fince  we 
have  found  that  fbme  large  pieces  of  ruft,  which 
made  no  imprtffion  on  a  magnetical  needle,  fup- 
ported  by  its  pivot,  when  reduced  to  dull,  would 
ftill  hang  to  the  point  of  an  animated  knife. 

But  thefe  pieces  of  ruft,  which  have  no  mag¬ 
netic  virtue  of  their  own,  are  likewife  incapable 
of  receiving  any  from  the  touch  of  the  beft 
ftone,  it  may  therefore  be  imagined,  that  in 
this  ruft,  which  is  about  of  an  inch  thick,  and 
in  all  refpedts  like  good  load-ftone,  the  particles 
of  iron  ftill  remaining,  are  too  much  fettered 
with  the  other  matters  mixed  therewith,  to  be 
in  a  condition  to  receive  the  magnetic  virtue  of 
the  earth’s  vertex  \  dou briefs  there  is  a  good 
quantity  of  iron  in  the  load-ftones,  which  are 
real  fcones,  fince  we' can  procure  iron  from  them 
by  the  fire  ;  but  I  hardly  believe  it  poflible  to 
procure  iron  out  of  that  which  has  been  confumed 
by  ruft. 

This  experiment  led  us  to  make  another ;  we 
took  fome  of  thofe  little  pieces  of  burnt  and 
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melted  iron,  which  fall  in  fparks  and  fcales  a- 
round  the  fmith’s  anvil,  and  reduced  them  like 
a  (lone  into  a  fine  powder,  which  powder  would 
ftick  very  ftrongly  to  the  point  of  an  animated 
knife.  But  what  was  more,  fome  of  thofe  pieces 
which  had  been  melted,  and  were  capable  of 
being  reduced  to  powder,  weie  ftill  fufceptible  of 
the  magnetic  power ;  and  when  touched  with  a 
good  ftone,  took  up  a  large  quantity  of  fteel- 
filings. 

By  this  it  appears,  that  the  fire  in  melting  and 
confuming  iron,  does  not  intirely  deftroy  its  na¬ 
ture,  tho’  it  only  leaves  it  in  the  appearance  of  a 
ftone.  There  is  little  or  no  iron  ore  but  is  a 
load-ftone,  as  may  be  eafily  known,  by  prefenting 
it  on  feveral  fides  to  a  magnetic  needle  but  tho* 
they  have  the  character  of  real  load-ftone,  they 
are  fometimes  fcarce  able  to  fuftain  the  fmallelt 
filings. 

I  have  had  a  large  load-ftone  for  fome  years, 
which  weighs  a  100  lb.  and  tho*  it  be  not  of  the 
beft  matter,  it  appears  tolerably  good  by  its  ef¬ 
fects,  fince  it  will  turn  a  needle  at  6{-  feet  diftance, 
and  confequently  muff  have  a  fphere  around  it 
of  13  feet  diameter.  This  ftone  we  have  rounded 
in  fome  meafure,  and  filled  up  the  greater  ine¬ 
qualities  with  a  plaifter  of  the  fame  colour  as  the 
done,  fo  that  the  whole  makes  a  kind  of  ball, 
about  a  foot  in  diameter. 

Having  fearched  for  the  poles  of  this  ftone,  we 
found  them  in  two  points  diametrically  oppofite, 
upon  which  we  drew  an  equator  in  the  middle  be¬ 
tween  them,  and  divided  it  from  30’,  to  30°; 
thro’  which  we  drew  meridians,  in  order  to 
obferve  the  feveral  declinations  of  the  needle 
with  the  more  exadincfs  *,  we  alfo  noted  its  decli¬ 
nation  in  all  the  points  where  the  meridians  cut 

the. 
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the  equator ;  by  which  it  appears,  that  in  a  cer¬ 
tain  (pace  it  is  weftern,  in  another  eaftern,  and  in 
feveral  places  o  ;  the  greateft  of  thefe  declinations 
is  26  ,  and  three  of  the  places  which  are  no 
declination,  are  in  the  artic  circle.  In  effeft,  by 
tracing  the  feveral  points  wherein  the  needle  had 
no  declination,  we  formed  two  different  lines, 
one  whereof  began  from  the  artic  circle,  and  re¬ 
turned  to  it  again,  by  a  meridian,  after  defend¬ 
ing  about  1  o  beyond  the  equator,  and  defcribing 
a  fpace  about  no,  parallel  to  that  circle;  the 
other  beginning  likewife  in  the  pole  or  circle, 
makes  feveral  turnings  near  the  fame;  after  which 
it  takes  its  courfe  north  and  fouth,  and  making 
fome  more  inflexions,  cuts  the  equator,  and  ter¬ 
minates  in  the  antartic  circle.  All  which  de¬ 
clination,  and  the  lines  where  there  are  none,  bear 
a  near  relation  to  what  we  find  on  the  terreftrial  • 
globe. 

By  the  feveral  experiments  hitherto  related,  it 
appears,  that  the  different  declinations  of  the 
load- (tone,  obferved  on  the  terreftrial  globe,  are 
only  owing  to  the  different  difpofition  of  the 
magnetic  matter  in  the  earth,  as  we  judge,  to 
be  the  cafe  in  our  globular  magnet,  for  there 
is  no  doubt  but  the  vortex  of  magnetic  matter, 
was  the  firft  caufe  of  all  load-ftones,  fince  we 
find  it  produce  new  ones  every  day  ;  and  if  this 
matter  could  have  taken  fo  many  different  direc¬ 
tions  in  forming  our  ftone  in  its  mine,  takes  no 
fewer  in  the  whole  globe,  and  if  changes  could 
befal  our  load-ftone  like  thofe  which  befal  the 
earth,  by  the  deftrudlion  of  fome  magnetic  mat¬ 
ter,  and  the  formation  of  other  where  there  was 
none  before,  we  fhould  in  courfe  of  time  find 
variations  on  this  load-ftone,  anlwerable  to  thofe 
which  befal  the  magnetifm  of  the  earth. 
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IX.  On  the  condenfation  and  dilatation  of 
the  air ,  by  M.  de  la  Hire,  jun.  *  tr (in¬ 
flated  by  Mr.  Chambers. 

The  general  rule  given  by  M.  Mariotte ,  for 
finding  the  different  condenfar.ions  of  the  air,  pro¬ 
duced  by  given  weights,  is  founded  on  an  expe¬ 
riment  which  he  relates  in  the  firft  place,  and  af¬ 
terwards  confirms  by  3  others,  made  with  a 
crooked  glafs  tube,  one  branch  whereof  having 
a  foot,  was  fealed  hermetically  *,  the  other  being 
as  wide  as  one  pleafed,  he  put  mercury  into  this 
tube,  and  continued  the  experiment,  as  may  be 
feen  in  page  140,  &c.  of  his  treat ife  of  the  mo¬ 
tion  of  fluids;  and  the  experiments  ariflng  here¬ 
from,  gave  him  occafion  to  eftablifh  a  general 
rule,  and  to  advance,  that  the  denfity  of  the  air 
is  in  proportion  to  the  weight. 

My  father  alfo  laid  'before  the  academy  a  ge¬ 
neral  rule  for  the  condenfation  and  dilatation 
of  the  air,  deduced  from  this  only  fuppofition, 
that  the  air  is  heavy  and  elaflic. 

He  made  feveral  experiments,  to  find  in  what 
proportion  a  fpring  taken  in  a  moderate  ftate  of 
extenfion,  would  be  ftretched  by  different  weights, 
and  found,  that  its  extenfions  wTere  in  a  direCt 
ratio  of  the  weights ;  but  proceeding  alfo  to  en¬ 
quire  how  the  fpring  contracted,  he  found,  that 
its  condenfations  were  not  in  a  direCt,  but  a  reci¬ 
procal  ratio  of  the  fame  weights,  which  will  not 
be  difficult  to  conceive,  if  we  remember,  that  in 
ftretching,  the  fprings  enlarge  their  bulk,  in  pro¬ 
portion  as  the  weights  are  augmented  ;  and 
that  on  the  contrary,  in  contracting  they  leffen 
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the  fame.  It  was  on  thefe  experiments,  therefore, 
that  he  built  his  general  rule,  which  proves  per¬ 
fectly  conformable  to  that  of  M.  Mariotte ,  and 
to  the  experiments  lately  made  before  the  acade¬ 
my  by  M.  Amontons ,  as  will  appear  by  the  fol¬ 
lowing  table,  where  his  experiments,  and  the  re- 
iult  of  the  rule,  are  found  oppofite  to  each  other. 
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X.  'Experiments  on  the  rarefaction  of  airv 
by  M.  Amontons  tranflated  by  Mn 
Chambers.  , 

I  filled  a  tube  40  inches  long  with  mercury, 
and  found  it  to  contain  7  ounces,  7  drachms, 
8  grains. 

I  filled  in  like  manner  another  tube,  one  end 
whereof  terminated  in  a  large  veficle,  of  the  fi¬ 
gure  of  a  cervelas,  and  found  it  hold  87  ounces, 
6  drachms.  The  veficle  in  particular,  to  its  fet- 
ting  on  to  the  tube,  contained  as  much  as  a  tube 
equally  thick,  with  that  of  46  inches,  and  475 
inches  5  lines  £  long  *,  the  reft  of  the  tube,  which 

*  June  10,  1705. 
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was  29  inches  long,  contained  as  much  as  36  in¬ 
ches  6  lines  and  f,  of  the  fame  tube  of  46  in¬ 
ches,  fo  that  the  whole  tube  with  its  veficle,  re- 
prefented  a  tube  51 1  inches,  8  lines  7\  long,  and 
equal  in  thicknefs  to  that  of  46  inches. 

This  tube  with  its  veficle,  being  full  of  mer¬ 
cury,  I  inverted  it  as  ufual ;  excepting  that  to  pre¬ 
vent  heating  the  veficle  and  its  contents,  I  always 
handled  it  with  a  linnen  cloth,  which  was  ob~ 
ferved  in  all  the  following  experiments. 

The  lower  end  being  immerged  an  inch  deep 
in  mercury,  which  role  above  the  edge  of  the 
bafon,  in  proportion  as  the  veficle  emptied  itfelf, 
the  mercury  at  length  (lopped  in  the  tube  28  in¬ 
ches  above  the  mercury  in  the  bafon,  which 
(hewed,  that  the  atmofphere  was  then  equal  to 
fuch  28  inches. 

While  the  veflel  was  emptying,  I  obferved 
abundance  of  large  air  bubbles  all  along  the  tube, 
attempting  continually  to  rife,  but  Hill  prevented 
by  the  defeent  of  the  mercury,  but  at  length  they 
afeended  and  reached  the  veficle,  when  the  mer¬ 
cury  ceafed  falling  ;  this  air  I  took  to  be  what 
the  mercury  was  purging  off. 

To  fee  whether  this  air  did  not  alter  the  height 
of  the  mercury,  1  repeated  the  experiment  with 
the  tube  of  46  inches,  and  the  mercury  (lopped 
there  likewife  28  inches  above  the  mercury  in  the 
bafon. 

Having  allured  myfelf  of  the  weight  of  the 
atmofphere,  I  filled  the  tube  with  the  veficle  a- 
gain,  and  poured  a  little  mercury  out  into  the  tube 
of  46  inches,  to  fee  what  height  it  would  there 
polfefs.  By  this  means  I  found  that  the  air  left 
in  the  tube  was  equivalent  to  2  inches  6  lines  of 
the  tube  of  46  inches,  and  the  like  of  all  the  reft  *, 
whether  after  filling  the  tube  intirely,  I  meafured 

the 

* 


Royal  Academy  of  Sciences.  289 

the  mercury  poured  out,  or  whether  without  fill¬ 
ing  it,  I  meafured  what  was  put  in  it  by  iubftrac- 
ting  it  from  the  total  capacity  of  the  tube. 

The  natural  bulk  therefore  being  two  inches,  6 
lines,  I  inverted  the  tube  upon  which  the  mercury 
flopped  2  lines  lower  than  the  28  inches  *,  that  is, 
27  inches,  10  lines  above  the  mercury  in  the  ba- 
fon,  and  confequently  thefe  2  inches,  6  lines  were 
fpread  thro’  a  [pace  above  190  times  greater  than 
what  they  poflfefTed  before,  yet  flill  prefer ved  a 
fpring  equal  to  two  lines. 

Having  left  18  inches,  7  lines  of  air,  the  mer¬ 
cury  after  inverting  the'  tube  remained  one  inch, 
1  line  below  the  28  inches,  which  fhall  hence¬ 
forward  be  the  term,  from  whence  I  compute  the 
falling  of  the  mercury. 

Having  left  36  inches,  6  lines  f-  of  air,  the 
mercury  flood  2  inches,  1  line  j  lowTer. 

Leaving  465  inches,  8  lines  7f  of  air,  that  is, 
putting  only  the  46  inches  tube  full  of  mercury, 
it  flood  25  inches,  9  lines  \  lower. 

Putting  in  the  tube  of  46  inches  twice  full  of 
mercury,  it  flood  2  3  inches,  9  lines  lower. 

Putting  in  thrice  the  fame  tube  full  of  mer¬ 
cury  2  1  inches,  1  line  lower. 

Putting  in  four  times  the  fame  tube  full  of  mer¬ 
cury,  it  flood  18  inches,  7  lines  ~  lower. 

This  way  of  meafuring  with  the  tube  of  46  in¬ 
ches  appearing  too  tedious  to  be  continued,  I  had 
recourfe  to  weighing. 

Putting  therefore  2  lb.  7  ounces,  3  drachms, 
40  grains  of  mercury,  which  is  5  times  the  quan¬ 
tity  of  what  fills  the  46  inch  tube,  the  mercury 
remained  16  inches,  1  line  -  lower. 

Putting  in  3  lb.  7  ounces,  1  drachm,  56  grains 
of  mercury,  which  is  feven  times  the  quantity,  it 
remained  10  inches,  il  lines  lower. 
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Putting  in  3  pounds,  1 5  ounces,  64  grains  of 
mercury,  which  is  8  times  the  quantity,  it  re¬ 
mained  7  inches,  1 1  lines  lower. 

Putting  in  4  lb.  7  ounces  of  mercury,  which  is 
9  times  the  quantity,  it  remained  5  inches,  7 
lines  {  lower. 

Putting  in  4  lb.  14  ounces,  7  drachms,  8 
grains  of  mercury,  which  is  10  times  the  quan¬ 
tity,  it  remained  3  inches  lower. 

Putting  in  5  pound,  6  ounces,  6  drachms,  16 
grains  of  mercury,  it  funk  4  lines  lower. 

It  mud  be  obferved,  that  fuppofing  all  the 
meafures  and  weights  above-mentioned  exatft, 
there  muft  be  fome  5  inches,  8  lines  rx  of  the 
veficle  tube  wanting  of  being  full,  which  fhould 
be  the  natural  bulk  of  the  air  in  this  experiment, 
which,  however,  was  only  found  to  be  5  in¬ 
ches,  6  lines  if  ;  fo  that  there  was  an  error  of 

I  line  iJff  or  about  a  line  j,  which  is  not  very 
confiderable  in  a  length  of  above  51 1  inches, 
being  only  the  60l-00  part  thereof,  which  I  only 
mention  to  fhew,  that  there  was  no  very  grols 
error  in  the  meafures  and  weights,  and  to  fig- 
nify,  that  we  are  to  take  the  natural  bulk  of  the 
air  in  this  experiment,  to  be  5  inches,  6  lines 
if,  in  lieu  of  5  inches,  8  lines  7*,  which  with 

I I  times  46  inches,  make  the  whole  length  5 1 1 
inches,  8  lines  7\. 

Thefe  experiments  made,  I  filled  the  veficle 
tube  intirely  again,  and  inverting  it,  the  mercury 
flopped  as  before  at  28  inches. 

Now  to  find  whether  thefe  experiments  agree, 
with  the  received  hppothefis,  a  table  may  be 
made,  wherein  the  product  of  the  natural  bulk, 
by  the  weight  of  the  atmofphere,  may  be  ex- 
prefifed  in  one  column,  and  the  product  of  the 
bulk  dilated  by  its  refpedlive  load  in  the  other. 

1  Mv  . 

J 
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Mv  opinion  was,  that  all  the  terms,  which  give 
thefe  produdts,  were  only  determined  by  the  mea¬ 
sures  in  the  experiment.  Somewhat  near  the 
truth,  and  not  to  the  utmoft  exadtneSs,  and  there¬ 
fore  that  I  could  not  Suppofe  any  of  them  true, 
more  than  others,  nor  of  confequence  infer  any 
thing  with  certainty  from  them  *,  and  the  rather 
as  each  of  thefe  meafures,  befide  its  particular  va¬ 
riation  from  the  real  bulk,  might  likewife  vary 
from  the  hypothecs  by  an  error  in  the  other  3 
meafures. 

Thus,  for  inftance,  if  the  meafure  of  the  bulk 
dilated  be  lefs  than  the  real  magnitude  of  this 
bulk,  the  experiment  will  feem  to  deviate  from 
the  hypothefis  by  the  particular  error  of  Such 
meafure,  that  is,  by  making  this  dilated  bulk 
Smaller  than  the  calculus  ;  tho*  it  mult  be  con- 
felled,  if  there  were  no  other  error  to  be  appre¬ 
hended,  this  would  not  deferve  much  notice,  and 
the  rather  as  it  is  the  common  practice. 

But  if  befides  the  dilated  bulk  being  taken  for 
lefs  than  it  is,  the  natural  bulk  be  taken  for 
greater  than  it  really  is,  this  Second  error,  after 
inverting  the  tube,  will  add  a  new  magnitude  to 
the  dilated  bulk  of  the  calculus,  and  render  the 
difference  between  the  calculus  and  the  experi¬ 
ment  (till  more  considerable. 

And  again,  if  the  weight  of  the  atmofphere  be 
taken  for  lefs  than  it  is,  as  the  fame  weight  oc- 
cafions  a  greater  change  in  a  quantity  of  air  much 
dilated,  than  in  the  fame  quantity  of  air  when  lefs 
dilated,  the 'calculus  will 'on  this  account  give  the 
oulkof  dilated  air  greater  than  the  experiment. 

Laftly,  if  in  meafuringthe  tube,  its  dimenfions 
be  taken  greater  than  they  really  are,  this  will 
likewife  caufe  the  bulk  of  the  dilated  air  to  be 
lugmented  by  the  calculus. 

P  p  2 
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On  account  of  thefe  four  errors,  in  refpefr  of 
meafurrs,  which  are  no  errors  in  the  hypothefis, 

I  apprehended,  that  the  bulk  dilated,  as  found  by 
the  calculus,  might  differ  confiderably  from  that 
of  the  experiment,  without  any  thing  being  de- 
ducible  therefrom  againft  the  truth  of  the  hypo¬ 
thefis.  On  the  contrary,  this  feemed  to  make  it 
impoflible  to  diftinguifh  whence  the  difference  be- 
ween  the  calculus  and  the  experiment  might  arifc, 
unlefs  the  experiment  deviated  very  far  from  the 
hypothefis  *,  for  in  this  cafe,  the  conclufion  muft 
be  againft  the  hypothefis,  fince  the  rreafures  can 
only  deviate  a  little  from  the  truth,  and  confe- 
quently  are  incapable  of  producing  any  confide- 
rable  difference. 

I  apprehended  therefore  that  fo  long  as  the 
difference  between  the  calculus  and  the  experi¬ 
ment  fhould  not  be  very  confiderable,  it  would 
be  almoft  impoflible  to  fay,  whether  it  proceeded 
from  an  error  in  the  meafures,  which,  by  the  na¬ 
ture  of  the  thing,  are  all  thrown  together,  or 
from  the  erroneoufnefs  of  the  hypothefis. 

But  notwithllanding  all  this,  fome  very  know¬ 
ing  members  of  the  academy,  to  whofe  judg¬ 
ment  I  owe  all  imaginable  deference,  having  rec¬ 
koned,  that  the  quantities  of  the  atmofphere  of 
the  natural  bulk  of  the  air,  and  the  length  of 
the  tube,  may  be  taken  for  abfolutely  true ;  I 
fhall  no  longer  (land  out,  but  am  even  inclined 
to  fuppofe  with  them,  that  thefe  magnitudes  are 
true. 

On  this  footing  the  difference  between  the  pro- 
du&of  the  natural  bulk  of  the  air  by  the  atmo-ij 
fphere,  and  the  produft  of  the  bulk  when  dilated  : 
by  its  load,  will  be  the  difference  which  we  are  1 
to  fuppofe  between  the  hypothefis  and  the  expe-i 
riment  *  though  if  my  fentiment  had  obtained  all  i 

that:; 
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that  could  have  been  inferred  therefrom  is,  that  as 
thefe  products  are  nearly  equal,  we  have  a  ftrong 
inducement  to  believe,  that  the  hypothefis  and 
the  experiment  do  not  vary  from  each  other. 

XI.  On  tbe  vernal  froths ,  or  cuckow- 
fpittley  by  M .  Poupart  *  ;  tranflated  by 
Mr.  Chambers. 

In  the  fpring  feafon,  we  find  a  fort  of  white 
froth,  flicking  indifferently  to  all  kinds  of  plants. 
We  denominate  it  vernal  from  the  time  of  its 
appearance,  which  is  always  in  the  fpring,  either 
fooner  or  later,  as  the  feafon  is  more  or  lefs 
early. 

Several  naturalifls  have  treated  of  this  froth, 
without  underflanding  its  caufe.  Some  will  have 
it  to  be  vapours,  which,  exhaling  from  certain 
grounds  by  the  warmth  of  the  fpring,  gather 

upon  fuch  plants  as  they  meet  withal. - The 

reafon  they  alledge,  is,  that  we  fometimes  find  a 
little  fpot  of  ground  where  there  is  fcarce  a  plant 
without  it  tho’  perhaps  nothing  of  the  kind  fhali 
be  found  for  20  or  30  miles  around  ;  which  argues 
that  all  lands  are  not  proper  to  produce  fuch 
froths. 

Ifidore  HifpalenCis  takes  them  to  be  the  cuckow’s 
fpittle  ;  an  opinion  which  he  probably  enter¬ 
tained  from  their  form,  and  the  time  of  their  ap¬ 
pearing  and  difappearing,  which  correfpond  pret¬ 
ty  nearly  to  thofe  of  the  cuckow :  add,  that  in 
its  flight  from  one  place  to  another,  this  bird 
makes  a  kind  of  rattling  in  its  throat,  as  if  it  were 
going  to  fpit. 

Others  imagine  it  to  be  the  extravafated  juice 

*  June  20,  1705. 
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of  plants  ;  and  Moufet  will  have  it  no  other 
than  a  frothy  dew. 

Swamerdam  of  all  the  natural  ids  has  bed:  en¬ 
tered  into  the  reafon  of  thefe  froths.  His  doc¬ 
trine  is,  that  the  grafhoppers  %  yield  them,  at 
their  mouth  :  and  ’tis  true,  they  are  the  produce 
of  thofe  animals,  tho*  not  at  the  part  he  mentions. 
So  that  he  only  fpeaks  by  conjecture. 

I  could  relate  feveral  other  opinions  as  to  the 
nature  of  thefe  froths  ;  but  being  all  of  them 
falfe,  I  fhall  dwell  no  longer  upon  them.  The 
real  cafe  is  as  follows:  In  the  fummer  time,  we 
find  a  diminutive  kind  of  grafhoppers,  called  by 
fome  naturalids  flea-grajhoppers ,  from  their 
jumping  like  fleas.  Their  hind  legs  do  not 
reach  above  their  backs,  as  thofe  of  all  other  grafs- 
hoppers  do,  but  are  always  folded  under  the 
belly,  like  thofe  of  fleas.  This  enables  them 
to  jump  very  fad,  by  reafon  there  is  no  time  lod 
between  one  jump  and  another. 

I  have  already  obferved,  in  the  Journal  des 
Savans ,  for  Augujl  1693,  that  this  kind  of  grals- 
bopper  has  a  did-pointed  needle,  or  trunk, 

whereby  it  fucks  the  juices  of  plants.  - This 

obfervation  fuggeds  fomething  new,  and  curious ; 
in  as  much  as  this  is  the  only  fpecies  of  grafs- 
hoppers  that  has  a  trunk  :  all  the  red,  hitherto 
known,  have  a  mouth,  lips,  and  teeth  wherewith 
they  devour  herbs,  and  even  the  vine. 

Vos  loeujl <e - 

Ne  meas  hedatis  vites  :  funt  enim  tenera . 

Thefe  flea-grafnopperslay  eggs  ;  from  whence, 
in  the  inlying  fpring,  arile  young  ones,  which 
remain  for  lome  time  inclofed  in  a  fine  mem¬ 
brane.  This  membrane  is  no  other  than  a  mafk, 

with 
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with  eyes,  feet,  wings  and  other  organs,  which 
are  the  cafes  of  the  like  parts  of  the  little  animal 
inclofed  therein.  When  it  iffues  from  its  egg,  ic 
appears  like  a  little  whitifh  worm,  no  bigger 
than  the  point  of  a  needle.  Some  days  after  it 
turns  green,  by  means,  as  we  may  fuppofe,  of 
the  juices  of  the  plants  it  is  fed  withal.  In  this 
ftate  it  refembles  a  kind  of  little  green  frog, 
which  creeps  up  trees,  and  for  that  reafon  .is  called 
rana  arborea ,  or  the  tree-frog.  The  infeCt,  tho® 
wrapt  up  in  its  membrane,  will  yet  walk  boldly, 
and  at  a  good  rate  ;  but  does  not  leap,  or  fly  till 
ir  have  put  off  its  fkin. 

As  foon  as  it  leaves  its  egg,  it  mounts  upon  a 
plant ;  and  clapping  its  anus  thereto,  depofites  a 
little  drop  of  white  liquor,  full  of  air.  Clofe  to 
this,  it  drops  a  fecond,  then  a  third  ;  and  con¬ 
tinues  after  this  rate,  till  it  have  involved  or  bu¬ 
ried  itfelf  in  a  thick  froth,  from  whence  it  never 
ftirs,  till  it  be  delivered  from  its  membrane,  and 
have  attained  its  ffate  of  perfection. 

To  caft  forth  this  froth,  it  makes  a  kind  of 
arch  with  half  its  body,  the  belly  being  the  con¬ 
vexity  thereof.  This  done,  it  begins  another 
arch,  oppofite  to  the  firft,  whereof  the  belly, 
which  was  the  convex,  becomes  the  concave  part ; 
each  time  it  makes  this  double  compreffion,  a 
little  froth  or  bubble  fprings  from  its  anus,  which 
it  afterwards  enlarges,  by  pufhing  it  this  way 
and  that  with  its  feet. 

1  placed  feveralof  thefe  little  grafhoppers  upon 
a  young  mint,  and  found  that  thofe  leaves  they 
caft  their  froth  upon,  did  not  grow  or  advance  in 
the  leaft,  tho*  thofe  oppofite  to  them  grew  to  their 
natural'  fize.  This  fhews,  that  the  infeCl  lives  of 
the  juice  of  the  plant,  while  inclofed  in  the 
froth. 
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The  young  grafhopper  being  by  means  hereof 
arrived  at  a  certain  bulk,  (trips  off  its  coat,  or 
cover,  which  it  leaves  in  the  froth,  and  leaps  a- 
bout  in  the  field. 

The  froth,  we  fuppofe,  may  have  ferved  to 
defend  it  from  the  heat  of  the  fun,  which  would 
otherwife  dry  and  wither  it  up  *,  it  alfo  preferves 
them  from  the  fpiders,  which  would  fuck  them 
up,  as  I  have  fometimes  found. 

The  country  people  hold  thefe  froths  a  prog- 
noftick  of  fine  weather.  But  all  the  matter  is, 
that  they  are  only  found  when  the  weather  is  fine  i 
ill  weather  lpoiling  and  deftroying  them. 

XII.  Philofopkical  experiments  upon  the  re¬ 
fraction  of  mufquet-balls  in  water ,  and 

upon  the  refifance  of  this  fiuidy  by  M. 

Carre  tranfated  by  Mr .  Chambers. 

There  being  feveral  perfons  who  doubt  whe¬ 
ther  mufket-balls  undergo  any  refraction,  that  is, 
any  change  in  the  direction  of  their  motion  when 
fhot  obliquely  into  the  water,  and  I  having  afler- 
ted  it,  as  a  known  faCt,  in  the  hiftory  of  the 
academy  for  the  year  1702,  upon  the  authority 
of  feveral  former  writers,  I  defired  a  friend,  who 
has  been  fome  time  at  his  country-houfe,  to  ex¬ 
amine  into  the  truth  of  it  *,  and  the  following  ex¬ 
periments  are  the  refult  of  this  requeft. 

Firft,  I  fhot  a  mufket-fhot  loaden  with  a  ball 
once,  and  a  fecond  time  into  a  Hone  bafon  full 
of  water,  2  feet  {  in  diameter,  and  16  inches  deep  ; 
the  firft  time  under  an  angle  of  20  degrees,  and 
the  fecond  under  an  angle  of  80 ;  but  I  could  not 
perceive  whether  the  balls  underwent  any  change 
of  direction,  by  reafon  of  the  great  effort  of 

*  July  1 1,  170J. 
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the  water  againft  the  Tides  of  the  bafon,  which 
always  difplaced  the  piece  of  paft-board,  which 
had  lodged  there  for  a  mark.  This  effort  is  To 
violent,  that  upon  lhooting  three  times  into  tubs 
of  water,  they  were  all  inftantly  burft ;  and  in 
particular  it  was  always  the  loweft  hoops  that  the 
water  made  give  way.  To  fatisfy  myfelf  that  it 
was  really  the  great  motion  and  effort  of  the  wa¬ 
ter  that  burft  the  veffels,  and  not  the  ball  by  paf- 
fing  thro’,  I  provided  a  fquare  cheft  about  a  foot 
high,  and  a  foot  thick,  the  4  boards  whereof, 
which  formed  the  length,  were  each  an  inch 
thick,  and  the  two  at  the  end,  each  2  inches 
thick,  that  the  others  might  be  well  fattened 
thereto,  with  ftore  of  nails,  then  filling  it  with 
water  by  a  little  hole,  I  exploded  my  piece,  up¬ 
on  which  the  ball  perforated  the  boards  very  ex¬ 
actly  without  burfting  them ;  but  the  water  was 
ftiook  fo  violently,  that  it  tore  the  boards  from 
each  other,  and  burft  the  cheft. 

Secondly,  To  make  a  more  precife  experi¬ 
ment  on  the  refradtion  of  a  ball  in  water,  1  filled 
a  ftone  bafon  therewith,  whofe  length  on  the  in- 
fide  was  3  feet,  3  inches,  its  breadth  1  foot,  8 
inches,  and  depth  1  foot,  1  inch,  here  reprefen- 
ted  by  ABCD  *.  To  the  fide  BD,  I  fattened  a 
board  to  receive  the  balls,  another  board  EF  pre- 
cifely  in  the  middle,  and  another  CD  upon  the 
bottom  to  cover  it  intirely ;  the  boards  were  all 
ftrongly  faftened,  that  the  ftrokes  of  the  ball 
might  not  fhake  them.  Over  the  fide  CA,  I 
fitted  a  piece  of  paftboard  GA  perpendicular  to 
the  horizon,  and  the  mufquet  HN  was  fixed  8 
feet  from  the  bafon,  upon  exploding  it  the  ball 
pierced  the  paftboard  in  K,  and  was  found  flat¬ 
ted  like  %  fhilling  at  M.  I  fhot  a  fecond  time, 

*  Plate  V.  Fig.  5. 
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and  found  the  ball  broke  into  3  pieces,  which 
were  likewife  flatted,  without  appearing  to  have 
flruck  againfl:  the  board  EF.  I  fhot  two  balls 
with  a  ftronger  charge  of  powder  *,  but  they 
were  neither  of  them  to  be  found,  either  at  the 
bottom  of  the  bafon,  or  in  the  boards.  Thefe 
balls  were  a  3d  of  an  inch  in  diameter,  and  being 
made  on  purpofe  for  the  piece,  filled  it  very  ex¬ 
actly. 

Thirdly,  To  try  anew  the  experiments  of  re- 
Fradlion,  I  bethought  myfelf  of  a  way  to  get  an 
inflght  into  this  flattening  of  the  balls  5  to  this 
end,  I  procured  a  refervoir  10  foot  fquare,  and 
fitted  therein  two  boards  parallel  to  the  horizon, 
and  to  each  other,  and  about  a  foot  apart,  the 
upper  one  making  the  fame  plane  with  the  fur- 
face  of  the  water,  then  fhooting  two  balls  upon 
this  board  under  an  angle  of  30  degrees,  and 
with  an  equal  charge  of  powder  *,  the  flrft,  with 
the  piece  ufed  before,  whofe  barrel  was  3  feet, 

2  inches  f  long,  and  the  bullet  3  lines  \  diameter; 
the  fecond,  with  another  piece,  whofe  barrel  was 

3  feet,  10  inches,  3  lines,  and  the  ball  7  lines  in 
diameter.  Here  the  large  ball  pierced  the  two 
boards,  and  confequently  traverfed  the  whole  ex¬ 
tent  of  water  between  them  ;  whereas  the  fmall 
one  only  pierced  the  upper  board,  and  was  found 
quite  flatted  on  the  lower. 

Fourthly,  But  to  fatisfy  myfelf  whether  there 
be  really  a  refradlion,  I  made  ufe  of  the  ftone- 
bafon,  deferibed  above,  and  prepared  after  the 
fame  manner  ;  then  fattening  my  piece  upon  two 
refts,  one  of  them  5,  and  the  other  7  feet  di- 
flant  from  the  bafon,  I  nailed  it  down,  fo  as  to 
make  it  remain  in  the  fame  fituation  after  the  ex- 
plofion,  as  before.  It  now  made  an  angle  of  20 
degrees  with  the  horizon,  or  the  furface  of  the 
3  wrater  . 
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water  in  the  bafon,  and  was  charged  with  3  pen¬ 
ny  weights,  20  grains  of  powder,  and  a  ball 
7  lines  in  diameter,  weighing  1 7  penny  weights, 
6  grains,  {hooting  it  off,  the  ball,  after  piercing 
the  pad-board  in  K,  and  the  board  EF  in  P  {luck 
in  the  point  R,  where  I  found  \t  fad.  Upon 
this,  emptying  the  bafon,  I  drew  a  thread  from 
the  middle  of  the  ball  in  R,  thro*  the  holes  P  and 
K,  to  the  middle  of  the  mouth  of  the  piece,  and 
found  that  the  thread  paffed  exactly  enough  thro* 
the  centres  of  all  the  holes. 

I  repeated  the  fame  experiment,  by  fetting  the 
piece  a  little  on  one  fide,  that  the  ball  might  pafs 
thro’  a  frefh  place.  The  effedt  was,  that  piercing 
the  pad- board  j-  an  inch  from  K,  and  the  board 
EF  |  an  inch  from  P,  it  fixed  likewife  |  an  inch 
from  R  ;  fo  that  the  centres  of  the  two  balls 
wanted  not  a  line  of  being  in  the  fiime  parallel- 
lifm  to  the  horizon  ;  hence  it  may  be  inferred, 
that  if  there  be  a  refradlion,  it  is  not  lenfible. 

Being  willing  to  try  whether  the  ball  of  7  lines 
diameter  would  be  flattened  by  increafing  the 
charge  of  the  piece,  I  ufed  7  penny  weights  6 
grains  of  powder,  and  found  accordingly  the 
ball  about  M  flattened  on  one  fide  ;  it  had  druck 
the  board  EF  {lightly  ;  but  this  could  not  have 
occafioned  its  flattening,  fince  a  ball  will  pierce 
3  or  4  boards  without  lofing  much  of  its  fphericity. 
Putting  the  fame  charge  of  powder  in  the  former 
piece,  I  found  the  ball  about  M,  cloven  into 
two  parts,  each  of  them  flatted  unequally,  tho5 
without  having  ever  touched  the  board  EF. 
Shooting  a  fecond  time  with  half  the  charge  of 
powder,  the  ball  did  not  reach  the  board  EF, 
norlodany  thing  confiderable  of  its  fphericity. 

Fifthly,  To  procure  further  fatisfadlion  as  tothe 
flattening  of  the  balls,  I  fpread  a  linnen  cloth  parallelly 

Q  q  2  to 
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to  the  horizon,  under  two  feet  depth  of  water,  ill 
a  bafon  40  feet  in  diameter,  and  6  feet  deep,  then 
charging  my  piece  very  high  with  powder,  and 
loading  it  with  a  ball  of  7  lines  diameter,  I  dif- 
charged  it  againft  the  linnen,  and  found  the  ball 
flatted  thereon,  tho’  very  unequally,  and  of  an  ir¬ 
regular  figure ;  then  charging  the  piece  anew 
with  f  more  powder,  the  ball  divided  itfelf  into 
feveral  little  pieces,  whereof  I  found  five  upon 
the  linnen,  moft  of  them  about  the  bignefs  of  a 
lentile,  but  differently  fhaped. 

I  then  fhot  another  ball  perpendicularly  to  the 
furface  or  the  water,  which  was  found  flattened 
very  regularly,  being  almofl  as  round  and  flat  as 
a  (hilling  ;  whereas  all  thofe  which  had  been  fhot 
obliquely  had  flattened  irregularly. 

It  may  be  proper  to  obferve,  that  in  (hooting 
a  ball  into  the  water,  it  riles  or  rears  itfelf  above 
the  fame  more  or  lefs,  as  the  charge  of  powder 
is  greater  or  lefs,  and  I  have  even  ieen  it  rife  20 
feet  high. 

It  will  not  be  very  difficult  to  aflign  the  caufe 
of  thefe  feveral  effe&s,  with  regard  to  which  I 
muft  obferve,  that  4  penny  weight  of  powder 
drive  the  large  ball  of  7  lines  a  confiderable  fpace 
in  the  water,  without  taking  any  thing  from  its 
fphericity;  that  with  8  penny  weight  of  powder, 
it  lofes  I  its  fphericity;  and  with  12,  the  whole  ; 
and  laftly,  with  16,  breaks  into  feveral  parts. 

Reflections  upon  the  experiments  above. 

Thene  are  two  things  to  be  confidered  in  thefe 
experiments,  which  I  can  warrant  to  have  been 
made  with  great  care  and  cxaftnefs :  the  firft, 
that  the  ball  fhor  in  an  angle  of  20  degrees 
changed  nothing,  at  ieafl;  as  to  fenfe  of  the  di¬ 
rection  of  their  motion.  The  fecond,  that  thefe 

balls. 
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balls  when  exploded  with  a  great  charge  of  pow¬ 
der,  turned  flat  as  they  entered  the  water. 

Firft,  It  fhould  feem  at  i  ft  fight  agreeably  to 
the  common  notion  of  the  refiftance  of  fluids, 
that  a  ball  (hot  into  the  water  under  an  angle  of 
20  degrees,  or  even  a  greater  angle,  fhould  not 
only  j  change  its  direction  but  even  rebound; 
for  as  the  quantity  of  matter  in  all  bodies  is  pro¬ 
portionable  to  their  weight,  and  the  refiftances  of 
fluids  are  in  kthe  fame  ratio  as  their  denfities,  and 
the  denfity  or  weight  of  water  is  to  that  of  air, 
as  800  or  850  to  1,  according  to  fome  expe¬ 
riments,  or  as  1175  to  1,  according  to  thofe  of 
the  academy  Del  Cimento  ;  the  water  muft  make 
800  times  more  refiftance  than  air,  and  confe- 
quently  diminifh  the  velocity  of  the  barll  by  the 
fame  quantity.  Now  ’tis  eafy  to  fhew  purfuantly 
to  the  reafoning  of  M.  Defcartes ,  and  feveral 
others,  that  if  the  ball,  upon  meeting  the  water 
loofe  half  its  velocity,  it  muft  rebound.  - —  For 
fuppofe  a  circle  *  EGD,  whofe  diameter  EF  re¬ 
presents  the  feparation  of  the  furfaces  of  air  and 
water,  and  fuppofe  the  angle  ACE  to  be  20  de¬ 
grees,  whofe  fine  will  be  AB,  and  CB  the  fine 
of  its  complement,  the  ball  now  being  driven 
from  A  to  C,  we  may  confider  its  motion  ascom- 
pofed  of  the  vertical  one  AB,  and  the  horizontal 
one  JBC,  as  CB  therefore  is  much  greater  than 
half  of  CE.  If  the  ball  loft  half  its  velocity  up¬ 
on  meeting  the  water,  it  fhould  of  confequence 
rebound  ;  but  experience  fliews  us,  that  it  does 
not. 

It  muft  therefore  be  made  appear,  that  the  ball 
lofes  fo  little  of  its  vertical  motion,  that  it  not 
only  fhould  not  rebound,  but  fhould  not  even  lofe 
any  thing  fenfible  of  its  former  direction. 

*  Fig.  6. 
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In  order  hereto,  we  are  to  obferve,  that  *tis  when 
the  ball  enters  the  water  that  its  dire&ion  is  to 
be  changed,  and  that  its  motion  in  AC,  being 
compofed  of  a  horizontal  motion,  equal  to  BC, 
and  a  perpendicular  one,  equal  to  AB,  we  are 
only  to  confider  this  latter,  fince  the  former  makes 
no  oppofition  thereto  *  and  again.,  that  this  ball  finds 
no  more  refidance  on  one  fide  than  on  the  other, 
till  fuch  time  as  half  its  magnitude  is  immerged 
under  water  ;  for  which  reafon,  if  the  bulk  of 
water,  whofe  place  it  pofTeffes,  were  equal  in 
weight  to  half  the  ball,  as  would  be  the  cafe,  if 
the  ball  were  fhot  into  mel|sd  lead,  ’tis  evident 
the  ball  would  lofe  near  half  its  velocity ;  but  it 
being  only  water  that  oppofes  its  motion,  and 
tiie  weight  of  lead  being  to  that  of  water,  as 
12  to  i,  if  in  meeting  with  the  bulk  of  water 
equal  to  its  own,  it  mull:  only  lofe  ,4  part  of  its 
motion,  fince,  as  already  obferved,  the  refinances 
of  fluid  bodies  to  their  being  feparated  are  in  the 
ratio  of  their  denflties,  or  weights  :  but  as  here 
we  have  only  half  to  confider,  the  ball  mud 
only  lofe  2\  part  of  its  vertical  motion  *,  that  is, 
a  24th  part  of  AB,  which  being  but  a  fmall 
matter,  the  change  of  direction  mud  neceflfarily 
be  infenfible.  If  it  be  alledged,  that  this  24th 
part  fhould  be  confiderable  enough  to  be  per¬ 
ceived,  by  reafon  it  mud  be  referred  to  this,  that 
the  ball  has  two  boards  and  a  pad-board  to  pierce, 
which  may  occafion  fome  little  alteration  in  its 
motion,  perhaps  the  motion  of  gravity  of  the 
ball  might  like  wife  be  confldered,  which  has  a 
tendency  to  carry  it  diredly  downwards,  and  con- 
fequently  to  prevent  its  change  of  determination 
from  being  fenfible  ;  but  the  great  velocity  of 
the  ball,  and .  the  little  fpace  it  pafifes,  mud 
render  this  next  to  nothing.  *Tis  otherwife  how¬ 
ever 
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ever  with  the  rays  of  light,  by  reafon  of  their 
paflfage  from  air  to  water,  or  other  tranfparent 
mediums.  There  is  no  proper  local  motion, 
but  only  certain  inequalities  of  prefiion,  or  re- 
fiftance,  in  the  different  mediums,  as  has  been 
explained  elfewhere  ;  fo  that  this  does  not  hin¬ 
der  us  from  concluding,  that  the  rays  of  light 
always  pafs  more  eafily  into  the  denfeft  mediums, 
and  that  *tis  on  this  account  they  approach  to¬ 
wards  the  perpendicular. 

It  muft  be  oblerved  however,  that  if  a  ball 
be  fhot  very  obliquely,  fo  that  the  angle  of  in¬ 
cidence  only  contains  a  few  degrees,  its  horizontal 
motion  being  now  very  great  with  regard  to  the 
vertical  one,  it  may  meet  fuch  a  multitude  of 
particles  of  water  at  the  fame  time,  as  may  pre¬ 
vent  its  entering,  and  oblige  it  to  rebound  ;  and 
fuch  is  the  cafe,  when  we  make  what  the  boys 
call  ducks  and  drakes. 

The  fecond  thing  to  be  confidered  in  thefe  ex¬ 
periments,  is  the  flattening  of  the  balls  upon 
meeting  the  water;  and  at  firft  fight,  it  may  feem 
furpriflng,  that  a  fluid  body,  fuch  as  water, 
which  yields  and  divides  fo  readily,  fhould  make 
a  refiftance  like  a  folid  body  ;  but  if  the  great 
velocity  of  the  ball  be  confidered,  ’twill  appear 
poflible  for  it  to  meet  fuch  a  quantity  of  par¬ 
ticles  of  water  at  the  fame  time,  as  that  their  re¬ 
fill;  an  ce  lhall  be  equivalent  to  that  of  a  hard 
body,  and  turn  it  flat.  In  drawing  the  hand  with 
fome  velocity  thro’  the  water,  we  find  a  certain 
refiftance  *,  and  if  it  be  drawn  with  twice  the  ve¬ 
locity,  the  refiftance  will  be  fourfold,  fince  we 
have  twice  the  number  of  particles  to  move  in 
the  fame  time  with  a  double  velocity  ;  and  if 
the  fame  hand  be  drawn  with  thrice  the  fwiftnefs, 
the  refinance  will  be  9  times  greater ;  fo  that  the 

refinances 
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refiftances  increafe  in  the  ratio  of  the  fquares  of 
the  velocities.  Hence  the  velocity  of  the  hand 
may  be  fo  great,  as  that  the  particles  of  water  it 
meets  in  any  given  time  may  afford  it  a  re- 
fiftance  equal  to  that  of  a  hard  body  *,  in  effedt, 
if  the  hand  be  ftretched  parallelly  to  the  furface  of 
the  water,  and  ftruck  with  rimblenefs  againft 
this  furface,  the  refiftance  will  be  fo  great  as  to 
be  painful,  and  I  remember,  that  beating  the 
water  ftrongly  one  day  with  a  flick,  it  broke  in 
my  hand. 

From  hence  ’tis  eafy  to  account  for  the  flat¬ 
tening  of  mufquet-balls  fhot  into  water,  and^what 
confirms  the  theory  is,  that  the  higher  the  piece 
is  charged,  the  more  flattened  are  the  balls  found  ; 
for  that  having  a  greater  velocity,  they  meet  more 

particles  of  water  in  the  fame  time. - And 

hence  we  may  account  why  an  end  of  a  candle 
.  being  loaded  in  a  fowling-piece  will  pierce  a  thick 
plank  of  wood. 

XIII.  A  comparijbn  between  our  obfervations 

on  the  barometer ,  and  thofe  made  by  F. 
Sebaftien  Truchet,  by  M.  Maraldi  *. 

Among  the  obfervations  on  the  barometer* 
which  F.  Sebaftien  lafl  related  to  the  academy, 
we  have  chiefly  confidered  thofe  which  he  made 
at  Clermont ,  and  on  the  fummit  of  Mount  d’Or , 
the  higheft  mountain  in  Auvergne  ;  the  perpen¬ 
dicular  height  of  which,  we  determined  above 
the  furface  of  the  lea  by  the  angles,  of  the  meri¬ 
dian,  but  could  not  make  the  barometrical  experi¬ 
ment  upon  it,  it  being  at  that  time  covered 
with  fnow. 

*  Juty  5>  l7°$' 

This 
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This  year  1705,  June  8,  at  4  in  the  after¬ 
noon,  F.  Sebajtien  obferved  on  the  fummit  of 
Mount  d’Or ,  that  the  quickfilver  in  the  barome¬ 
ter  was  fufpended  at  22  inches,  2  lines. 

The  fame  day  at  noon,  we  found  the  height  of 
quickfilver  at  the  obfervatory  27  inches,  9  lines  f , 
and  at  yh  24!  in  the  evening,  it  was  27  inches, 
9  lines  having  encreafed  but  |  of  a  line  fince 
noon. 

Between  the  22  inches,  2  lines  height  of  quick¬ 
filver  obferved  at  Mount  d’Or,  and  the  27  inches, 
9  lines  obferved  at  Paris ,  the  difference  is  5 
inches,  7  lines  which  the  quickfilver  at  the 
obfervatory  kept  higher  than  at  the  top  of  Mount 
d’Or.  We  have  found  by  our  experiments,  that 
the  quickfilver  on  the  fea  fhore  is  commonly  4 
lines  £  higher  than  at  the  obfervatory.  The 
quickfilver  was  therefore  5  inches,  1 1  lines  f 
lower  on  the  mountain,  than  it  would  have  been 
at  the  fame  time  on  the  fea-fhore. 

In  the  memoirs  of  the  academy  of  1703,  we 
faid  the  perpendicular  height  of  Mount  a’Or  a- 
bove  the  furface  of  the  fea  was  1030  toifes  :  but 
M.  Caffini  the  fon,  by  a  more  exabt  calculation, 
found  it  afterwards  to  be  14  toifes  higher*,  fo 
that  its  perpendicular  height  above  the  furface  of 
the  fea  will  be  1047  toifes,  to  which  we  have 
found  as  above,  that  a  variation  anfwers  of  5  in¬ 
ches,  1 1  lines  f  in  the  height  of  the  quickfilver. 

By  the  progreffion  founded  on  the  experiments 

related  in  the  memoirs  of  the  academy  for  the 

«* 

year  1703,  the  quickfilver  fhould,  to  this  height 
of  Mount  d’Or ,  fink  5  inches,  7  lines,  which  i-s 
4  lines  lefs  than  by  the  obfervation. 

M.  de  la  Hire  has  communicated  to  us  the 
obfervAions  which  he  made  the  fame  days  on 
the  barometer  :  and  tho’  his  barometer  and  ours 
Vo l .  II.  N°.  20.  R  r 
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arc  on  the  fame  floor  of  the  obfervatory,  yet 
thefe  obfervations  fometimes  differ  a  little*,  whe¬ 
ther  it  proceeds  from  their  having  been  made  at 
different  honrs  of  the  day,  or  from  any  other 
caufe. 

By  M.  de  la  Hire's  obfervation  June  8,  at  f 
after  5  in  the  morning,  the  height  of  the  baro- 
meler  was  27  inches,  8  lines  f.  If  this  obferva¬ 
tion  is  compared  with  F.  Sebajlien' s,  in  the 
fame  manner  as  we  did  ours,  there  will  be  found 
between  the  level  of  the  fea  and  Mount  d'Or ,  a 
variation  of  5  inches,  10  lines  }  in  the  height 
of  the  barometer,  which  agrees  within  3  lines 
with,  what  is  given  by  the  progreffion. 

F.  Sebajlien  made  another  obfervation  with  the 
barometer  at  Clermont ,  near  the  convent  of  the 
Minims ,  which  is  that  part  of  the  city  where  M. 
Perier ,  in  the  year  1641,  made  his  experiment 
on  the  barometer,  the  fame  day  whereon  he  car¬ 
ried  it  on  Puy  de  Domme  to  find  the  variation 
of  the  barometer,  which  anfwers  to  thefe  two 
heights. 

June  10th,  at  6  in  the  evening,  F.  Sebajlien 
found  the  height  of  the  quickfilver  at  Clermont , 
to  be  26  inches,  6  lines.  At  Paris ,  by  obferva¬ 
tions  made  before  and  after,  it  was  27  inches,  10 
lines  high. 

Therefore  the  difference  of  the  quickfilver  be¬ 
tween  Clermont  and  Paris  was  1  inch,  4  lines. 

We  have  faid  above,  that  between  Paris  and 
the  level  of  the  fea,  there  is  in  the  height  of  the 
quickfilver  a  variation  of  4  inches  j. 

Between  Clermont  therefore  and  the  furface  of 
the  fea,  there  muff  then  have  been  1  inch,  8 
lines 

By  M.  Pericr's  obfervations  made  i  1  1641  be¬ 
tween  the  convent  of  the  Minims ,  and  the  top  of 

Puy 
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Puy  deDomme ,  there  was  a  variation  of  3  inches, 
1  line  {  in  the  height  of  the  quickfilver. 

From  the  level  of  the  fea  to  the  fummit  of 
Puy  de  Domme ,  there  mu  ft,  according  to  thefe 
different  obfervations,  be  in  the  height  "of  the 
quickfilver  a  variation  of  4  inches,  9  lines  f, 
which  anfwers  to  810  toifes  perpendicular  height, 
from  the  fummit  of  Puy  de  Domme  to  the  level 
of  the  fea.  By  the  progreftion  fettled  in  the  me¬ 
moirs,  55  lines  ~  variation  of  quickfilver  agrees 
with  this  height,  which  is  but  two  lines  different 
from  the  obfervation. 

But  by  M.  de  la  Hire's  obfervation  made  on 
the  fame  day  June  10,  the  barometer  was  27  in¬ 
ches,  8  lines  high  ;  and  making  the  fame  re¬ 
ductions  and  comparifons,  as  in  the  preceding 
obfervation,  there  will  be  between  the  fea  fhore, 
and  the  fummit  of  Puy  de  Domme ,  a  variation  of 
55  j  in  the  height  of  the  quickfilver,  as  taken 
from  the  progreftion  fettled  in  the  memoirs. 

XIV.  Remarks  on  fome  experiments  made 
with  fevetml  barometers ,  and  on  the  light 
made  by  one  of  them ,  which  was  agitated 
vertically ,  by  M.  de  la  Hire  the  fon 

We  have  two  barometers  in  the  obfervatory  *, 
one  of  which  has  a  tube  of  1  line  |  infide  dia¬ 
meter,  and  is  36  inches  f  in  height  *,  and  con- 
fequently  when  the  quickfilver  is  at  28  inches, 
there  remains  8  f  void.  It  is  this  which  we  com¬ 
monly  make  ufe  of.  The  other  is  2  lines  infide 
diameter,  and  32  inches^  in  height,  and  confe- 
quently  there  is  but  4  inches  ~  remaining  above 
the  28  inches.  It  was  this  barometer  M.  Picard 

if  . 
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made  ufe  of,  and  which  was  the  firft  wherein  a 
light  was  obferved,  by  agitating  it  vertically. 
It  ftill  continues  to  give  as  ufual  a  very  great 
one  :  the  other  gave  none,  though  filled  with 
the  fame  quickfilver  ;  this  is  moft  certain,  for  it 
was  very  often  looked  upon.  Yet  within  thefe 
few  days  having  been  agitated,  it  was  feen  to 
give  almoft  as  much  light  as  the  other. 

1  his  barometer  of  M.  Picard' s  was  emptied 
and  filled  many  times  without  any  precaution  to 
cleanfe  the  quickfilver  and  the  tube;  yet  it  al¬ 
ways  gave  the  fame  light  as  at  firft.  But  we  ob- 
ferved,  that  though  this  light  was  very  lively, 
fo  as  to  be  feen  at  candle-light  and  moon-light, 
by  expofing  the  tube  to  it:  yet  if  in  the  day¬ 
time  a  room  was  fhut  exactly  clofe,  fo  that  it 
was  quite  dark,  and  the  barometer  a  little  time 
after  was  therein  agitated,  no  light  thereof  was 
to  be  feen,  which  made  us  at  firft  imagine,  that  it 
gave  no  light  in  the  day-time  :  but  endeavouring  to 
be  more  certain  of  this  experiment,  we  continued 
in  the  room,  where  it  gave  no  light  for  above  a 
quarter  of  an  hour  ;  and  then  agitating  the  baro¬ 
meter,  which  during  that  time  we  had  put  in  the 
fun,  we  faw  its  light  as  great  as  in  the  night. 
This  laft  experiment  deftroyed  the  imagination 
we  had  conceived,  and  gave  us  to  underftand, 
that  the  retina  requires  a  confiderable  time  to 
lofe  that  vibration,  which  is  caufed  in  it  by  the 
light  of  the  fun. 

The  height  of  the  quickfilver  in  thefe  two  ba¬ 
rometers  differs  always  3  lines  {,  which  M.  P/- 
card's  is  higher.  We  have  lately  made  another. 
The  quickfilver  was  ftrained  through  a  fine  clean 
linnen,  and  the  tube,  which  was  of  3  lines  dia¬ 
meter,  and  35  inches  long,  was  well  cleanfed 
with  ipirit  of  wine,  and  afterwards  throughly 
3  wiped 


Royal  Academy  ^Sciences.  309 

wiped  with  very  dry  linnen  drawn  through  it  ; 
and  after  having  very  carefully  filled  it,  that  no 
vifible  bubble  of  air  might  be  left  therein,  we  ob- 
ferved,  that  the  quickfilver  kept  at  1  line  flower 
than  in  M.  Picard’s  barometer,  and  very  near 
the  fame  quantity  higher  than  in  the  other. 

But  in  trying  this  barometer,  we  obferved 
that  after  having  filled  the  tube  with  quickfilver, 
and  evacuated  all  the  air,  and  dipped  the  open 
end  of  it  when  flopped  with  a  finger  into  the 
quickfilver,  the  tube  being  at  firfl  very  much 
inclined  *,  when  it  was  raifed,  and  the  void  be¬ 
gan  to  appear  above,  fome  almofl  imperceptible 
little  bubbles  of  air  weredifcerned,  which  fuddenly 
became  as  big  as  little  peafe,  and  entered  into 
the  vacuum  fome  of  them  being  confined  be¬ 
tween  the  quickfilver  and  the  tube,  and  others 
feeming  to  come  out  of  the  quickfilver,  and  per¬ 
forming  the  fame  effedfc  as  if  it  was  boiling. 
We  alfo  obferved,  that  thefe  bubbles  which 
came  out  of  the  quickfilver  by  raifing  the  tube, 
when  they  became  a  little  big,  difappeared  by 
lowering  of  it,  and  feemed  to  re-enter  into  the 
body  of  the  quickfilver  *,  for  on  that  part  where 
they  difappeared,  nothing  was  to  be  feen  againfl 
the  tube.  This  barometer  when  agitated  gave 
no  light. 

There  is  no  queflion  but  that  all  thefe  bubbles, 
as  well  thofe  confined  between  the  quickfilver 
and  the  tube,  as  thofe  which  feemed  to  come 
out  of  the  quickfilver,  were  little  particles  of 
air  enclofed  and  confined  therein,  which  being 
then  difburthened  from  all  the  weight  of  the  at- 
mofphere,  and  from  the  height  of  the  quick¬ 
filver,  which  compreffed  them  in  the  tube  when 
the  open  end  was  above,  occupy  a  very  great 
bulk,  with  refpeft  to  that  which  they  before  oc¬ 
cupied  *, 


310  The  History  and  Memoirs  oj  the 

cupied  ;  and  it  is  certain,  that  the  more  (lender 
and  the  longer  the  tube  is  above  2  8  inches,  the 
more  of  thefe  bubbles  will  efcape  into  that  fpace 
which  the  quickfilver  quits ;  all  the  quickfilver 
which  occupied  that  place  having  there  purged 
itfelf  from  the  air.  Therefore  it  will  appear, 
that  tubes  mud  be  taken  of  a  length  proportioned 
to  the  places  where  the  barometers  are  to  be  put, 
and  they  are  to  be  left  but  one  inch  above  the 
greateft  height  of  the  quickfilver  in  the  place  they 
are  in,  and  that  they  be  about  3  lines  in  diame¬ 
ter,  rather  more  than  lefs,  and  the  quickfilver 
well  purged  from  the  air.  With  thefe  precau¬ 
tions,  I  think,  barometers  may  be  made  as  ex¬ 
act  as  poffible. 

We  now  make  no  longer  doubt  but  that  the 
barometer,  which  we  commonly  make  ufe  of, 
whofe  tube  is  (lender  and  too  long  above  the  2S 
inches,  has  many  of  thefe  particles  of  air  con¬ 
fined  in  the  quickfilver,  and  between  the  quick- 
filver  and  the  glafs,  which  being  difengaged  when 
it  is  tried,  have  occupied  a  confiderable  place  in 
the  top  of  the  tube,  and  that  this  is  the  real 
caufe  why  the  quickfilver  therein  is  lower  than  in 
thofe  which  are  larger  and  fhorter,  wherein  the 
bubbles,  when  dilated,  have  not  lb  lenfible  an  ef¬ 
fect  :  from  the  reafons  above-mentioned. 

It  muft  be  obferved,  that  thofe  circumftances 
which  were  thought  necefiary  to  make  barometers 
luminous,  feem,  by  what  we  have  now  faid,  to 
be  deftroyed. 
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XV.  On  the  height  of  the  quickfilver  in  the 
barometers ,  by  M.  Amontons  -f*. 

This  experiment  is  of  great  confequence ;  For 
it  lays  us  under  the  neceffity  of  examining  over 
again  all  the  obfervations  made  on  the  barometer 
to  this  day. 

It  has  hitherto  been  thought,  that  the  height 
of  the  quickfilver  in  barometers  was  always  vifibly 
the  fame  in  the  fame  place,  and  it  was  far  from 
being  imagined,  that,  with  glades  very  near  a- 
like  filled  with  the  fame  care,  and  the  fame  quick¬ 
filver,  the  heights  of  this  quickfilver  Ihould  differ 
from  one  another  in  the  fame  place,  and  at  the 
fame  time,  18  lines,  or  thereabouts.  Yet  this  is 
what  I  fhall  make  appear  to  the  company,  after 
having  obferved  that  one  principal  reafon,  which 
may  have  hindered  this  phenomenon  from  being 
perceived,  is,  that  moil  of  thofe  who  conflrudt 
barometers,  have  unfortunately  neglected  to  place 
thereon  fuch  graduations,  as  truly  exprefs  the 
heights  of  the  quickfilver,  and  have  a] mod  al¬ 
ways  in  the  room  of  thefe  fubfti tuted  arbitrary 
graduations,  which  bear  no  relation  to  the  heights 
of  the  quickfilver ;  occafioned,  without  doubt, 

from  a  true  fenfe  of  the  difficulty  there  is  in 

* 

making  thefe  forts  of  inftruments  uniform,  and 
that  it  would  enhance  the  price,  and  lefien  the 
fale  of  them.  Thus  intereft  is  frequently  an  ob- 
ftacle  to  the  difcovery  of  truth. 

It  appears,  therefore,  that  it  was  not  without 
great  reafon,  that  in  my  barometers  I  rejected 
thefe  kind  of  arbitrary  graduations,  being  fully 
perfuaded,  that  it  is  impoffible  to  make  a  profi¬ 
table  ufe  of  barometers  by  exadt  obfervations,  if 
t  Aug.  14,  1705. 

the 
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the  degrees  are  not  divided  into  parts,  which 
exprefs  the  inches  and  lines  of  the  height  of  the 
quickfilver  with  which  they  are  filled ;  and  alfo, 
if  they  are  not  regulated  by  the  fame  barometer, 
which  fhould  be  as  a  flan  da  rd  and  rule  for  them, 
without  which  all  muff  be  uncertain,  and  lead  to 
error. 

Seeking  the  reafon  of  the  phenomenon  which  I 
relate,  it  is  difficult  to  avoid  attributing  it  to 
the  inequality  of  the  pores  of  different  glaffes, 
which  give  more  or  lei's  paffage  to  the  particles 
of  air,  according  as  they  are  more  or  lefs  open ; 
which  feemed  the  more  likely  to  me,  being  cer¬ 
tain,  that  the  glaffes  of  the  two  tubes,  with  which 
I  made  this  experiment,  are  different  in  quality. 

We  owe  this  difcovery  to  the  lord  chancellor. 
He  has  a  fimple  barometer  mounted  in  the  Eng- 
life  manner,  that  is,  one  of  thofe  which  has  two 
little  copper-plates,  on  which  are  marked  the 
different  difpofitions  which  may  happen  in  the 
air,  as  fair,  changeable,  rain,  <£c. 

My  lord  chancellor  had,  for  a  confiderable 
time,  experienced  with  fatisfa&ion  the  indications 
of  his  barometer  *  but  at  laft  it  being  out  of  or¬ 
der,  he  applied  to  M.  Romberg ,  who  mended 
it  for  him.  Since  when  the  variations  of  this  ba¬ 
rometer  have  always  been  in  the  lower  parts  of 
the  copper-plates,  that  is,  in  thofe  parts  which 
indicated  nothing  but  rain,  wind,  and  (forms. 
My  lord  chancellor  obferving  nothing  like  this 
in  the  difpofition  of  the  air,  fent  for  me  to  ex¬ 
amine  his  barometer.  The  firft  thing  I  did,  was 
to  fee  by  inclining  it,  whether  the  vacuum  was 
well  made;  and  having  found  it  as  well  ns  poffi- 
ble,  and  that  the  quickfilver  had  all  the  freedom 
of  motion  which  could  be  defined,  I  anfwered 
my  lord,  that  I  law  nothing  could  hinder  its  hav¬ 
ing 
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ing  effedl.  He  then  explained  to  me  what  he  had 
obferved  in  the  manner  I  have  mentioned  ;  and 
I  begged  leave  of  him,  that  I  might  carry  his 
barometer  home  with  me  to  examine  it  at  more 
leifure,  which  he  granted.  I  meafured,  as  foon 
as  poffible,  the  height  of  the  quickfilver,  and 
finding  it  only  26  inches,  6  lines,  while  3  other 
glaffes  which  were  in  ufe,  and  in  which  the 
vacuum  was  not  even  fo  perfect  as  in  that,  were 
at  28  inches,  I  at  firft  thought  this  might  pro¬ 
ceed  from  the  quickfilver,  which  had  perhaps 
a  more  than  ordinary  weight ;  which  made  me 
immediately  take  the  barometer  to  pieces,  and 
having  filled  one  of  my  tubes  with  this  very 
quickfilver,  it  flopped  at  28  inches,  as  in  the  3 
others  which  were  in  ufe.  I  then  filled  the  glafs 
of  the  barometer  with  other  quickfilver,  but  it 
always  flopped  at  26  inches,  6  lines  ;  which  gave 
me  then  no  room  to  doubt,  and  I  knew  that  this 
etfedt  could  only  proceed  from  the  glafs.  I  then 
changed  this  glafs,  and  put  another  into  the  ba¬ 
rometer  :  and  in  this  new  glafs  the  quickfilver 
kept  up  18  lines  higher  than  in  that  which  1  had 
taken  away  ;  fo  that  as  the  barometer  played 
before  in  the  lower  part  of  the  copper-plates,  it 
would  now  have  played  in  the  upper  parts,  had 
I  not  raifed  the  plates  about  4  or  5  lines  •,  and 
my  lord  flill  thinks,  they  ought  to  be  raifed 
higher  :  whence  it  may  be  fuppofed,  that  the 
glafs  which  I  took  away,  was  not  that  which 
was  at  fir  ft  there,  in  which  the  vacuum  was  pro¬ 
bably  made  of  a  mean  height  of  what  is  obfer¬ 
ved  in  thefe. 


Vol.  II.  N°.  20. 
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XVI.  A  continuation  of  the  obfervations  on 
the  height  of  the  quick  fiver  in  the  baro¬ 
meters  ,  by  M .  Amontons  *. 

Infpedling  the  glafs  of  my  lord  chancellor’s 
barometer,  having  guefled  that  it  was  bought  of 
fieur  Dtville  enameller,  I  went  to  find  him 
when  I  left  the  academy  ;  haying  afked  him,  he 
fa  id  it  was  fo.  I  caufed  him  to  make  me  four 
others  ;  that  is,  two  of  the  fame  glafs,  and  two 
of  another  fort  of  glafs ;  when  I  had  filled  all  of 
them  with  quickfilver,  and  alfo  thofe  two  which 
I  had  made  ufe  of  in  the  experiment  atj  the 
academy,  the  quickfilver  flopped  at  different 
heights  in  them  all. 

The  greateft  height  was  28  inches. 

The  fecond,  half  a  line  lefs.  This  was  that 
glafs  of  the  academy  wherein  the  quickfilver  re¬ 
mained  higheft. 

The  third,  one  line  f  lefs. 

The  fourth,  feven  lines  lefs. 

The  fifth,  feven  lines  \  lefs. 

The  fixth,  ten  lines  lefs.  This  was  the  glafs 
wherein  the  quickfilver  at  the  academy  remained 
Jo  we  ft. 

So  that  the  difference  in  the  fecond  height, 
which,  in  the  morning,  I  had  found  to  be 
1  8  lines,  and  in  the  afternoon,  at  the  academy  j 
more  than  19  lines,  was  at  j  an  hour  after  8  in 
the  evening  but  9  lines. 

I  left  all  thefe  glaffes  in  trial,  and  the  next  day  1 
found  them  of  the  fame  heights.  But  this  great! 
difference  of  18  lines,  which  I  now  found  to  be i 
only  9  lines  puzzled  me.  As  nothing  to  myj 
knowledge  had  happened  tQ  the  quickfilver.,  ex-t 
*  Aug.  19,  1705. 
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repc  that  it  had  been  much  handled,  I  judged, 
that  perhaps  the  dirt  and  moiflure  of  the  hands 
might  partly  have  flopped  the  pores  of  this  glafs. 

I  therefore  emptied  out  the  quickfilver  to  wafh 
the  outfide,  and  fcour  it  as  well  as  I  could  with 
fpirit  of  wine  :  but  after  having  done  this,  and 
filled  the  glafs  again  with  its  own  quickfilver,  I 
found  this  difference  {till  diminifhed  1  line  j, 
which  made  me  refolve  to  meddle  no  more  with  it. 
I  have  left  it  ever  fince,  and  it  has  only  varied  like 
all  others,  that  is,  it  has  fallen  about  2  or  3 
lines. 

As  all  this  is  very  unaccountable  ;  in  order  to 
endeavour  to  give  fome  light  into  a  thing  wherein 
there  is  fo  little,  with  deference  to  the  opinion  of 
the  company,  mine  would  be  to  choofe  among  a 
number  of  glaffes,  thofe  which  being  filled  with 
quickfilver  give  heights  of  lenfible  difference 
from  one  another,  and  apply  them  all  to  the 
fame  graduation  ;  or,  which  is  the  fame  thing, 
on  the  fame  vertical  plane,  at  the  bottom  of 
which  fhould  be  a  kind  of  common  trough,  full 
of  quickfilver,  in  which  they  mufl  all  dip. 
Above  this  trough,  beginning  at  the  furface  of 
the  quickfilver,  fhould  be  29  or  30  parallel 
lines  drawn  from  inch  to  inch  :  the  4  or  5  lafl 
fhould  be  fubdivided  from  line  to  line  by  other 
parallels. 

It  would  be  alfo  convenient  to  add  to  all  thefe 
glaffes  another  of  equal  length,  but  uniform  from 
one  end  to  the  other,  fealed  hermetically  at  each 
end,  in  which  fhould  be  about  28  inches  of 
quickfilver;  and  in  the  empty  fpace  thick  air. 

This  tube  would  ferve  to  fhow  the  eifeft  of 
heat  on  the  quickfilver,  and  whenever  the  quick¬ 
filver  in  the  other  glaffes  has  no  other  motion  but 
what  is  equal  to  this,  there  fhould  be  no  regard 

S  f  2  had 
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had  to  them,  as  not  being  an  effeCt  of  the 
weight  of  the  atmofphere.  Such  a  tube,  by 
rights,  fhould  for  the  future  accompany  all  fim- 
ple  barometers. 

This  whole  machine  conftructed  in  this  man¬ 
ner,  ought  to  be  carefully  obferved  for  a  confi- 
derable  time,  and  thereby  a  certainty  might  be 
gained. 

i ft.  Whether  the  variations  happen  in  all  the 
glaflfes  at  the  fame  time.  . 

2dly,  Whether  they  are  equal  in  all  of  them, 
or  whether  they  are  not  rather  proportionable  to 
the  heights  of  the  quickfilver,  with  which  each 
glafs  is  filled  ;  which  feems  very  likely,  if  it  is 
true,  that  the  pores  of  the  glafs  give  way  to  the 
parts  of  air,  which  are  final  1  enough  for  that. 

XVII.  A  continuation  of  the  observations  on 
the  height  of  the  quickfilver  in  the  baro¬ 
meters ,  by  M.  Amontons  *f*. 

M.  Homberg  having  informed  us,  that  he  had 
waflied  the  tube  of  the  lord  chancellor’s  baro¬ 
meter  with  fpirit  of  wine,  it  occafioned  fome 
to  fufpeCt  this  might  be  the  caufe  why  the  quick¬ 
filver  in  this  tube  remained  lower  than  in  the  o- 
thers ;  which  feemed  to  me  fo  much  the  more 
probable,  as  I  recollected,  that  when  I  firft  ex¬ 
amined  this  barometer,  the  little  reflection  of 
light,  which  the  bending  at  the  top  of  the  quick¬ 
filver  commonly  makes,  appeared  to  me  more 
obfeure  than  ufual  ;  this  being  occafioned,  as  I 
now  imagine,  from  a  little  of  the  fpirit  of  wine 
remaining  in  the  tube. 


t  AuS*  22,  1705. 
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That  which  hindered  me  from  perceiving  it, 
was, 

1  ft,  That  the  quickfilver  Teemed  to  me  very 
clear  through  the  whole  length  oh  the  glafs,  with¬ 
out  any  little  bubbles  of  air  fuch  as  are  ufually 
formed  when  the  tube  is  not  very  dry. 

2dly,  Becaufe  having,  as  I  have  already  faid, 
held  the  barometer  (loping,  I  found  the  vacuum 
as  well  made,  as  in  thole  glades  which  are  filled 
in  the  beft  manner. 

And  alfo  this  great  difference  which  I  at  firft 
found  in  the  heights  of  the  quickfilver  of  this 
barometer,  from  that  of  my  other  glaffes,  and 
which  diminifhed  by  degrees,  as  I  emptied  and 
filled  again  this  tube,  Teemed  to  me  a  confirma¬ 
tion  of  the  fadt,  it  being  impollible  this  effect 
Ihould  be  any  other  than  a  confequence  of  the 
diffipation  of  that  little  fpirit  of  wine. 

In  fhort,  to  be  convinced  and  fatisfy  what  had 
been  refolved,  I  wafhed  the  infide  of  this  tube 
with  fpirit  of  wine,  rubbing  it  pretty  hard  with  a 
little  cotton  faftened  to  the  end  of  a  brafs  wire  ; 
then  letting  it  drain  a  whole  night  (which  feemed 
to  me  long  enough,  confidering  how  eafily  fpirit 
of  wine  is  known  to  evaporate)  I  filled  it  with 
quickfilver,  together  with  the  other  tube,  in 
which  the  quickfilver  had  always  kept  very  high, 
which  I  did  not  clean,  though  it  appeared  very 
foul.  After  which  I  really  found  there  was  the 
19  lines  height  of  quickfilver  difference  between 
thefe  two  glaffes,  which  I  had  found  at  the  aca¬ 
demy,  and  the  little  edge  of  the  quickfilver  ob- 
fcured. 

Though  hereby  the  fa6t  feems  to  be  fufficiently 
cleared  *,  yet  the  difficulty  of  explaining  the  caule 
thereof  fubfifts.  For  in  (hort,  it  no  ways  ap¬ 
pears,  that  this  fpirit  of  wine  fhould  be  reduced 

into 
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into  air,  as  might  be  imagined  ;  for  this  air  muff 
have  had  the  ifrength  of  a  fpring,  equal  to  1  g 
lines  of  quickfilver,  and  the  glafs  being  put  into 
a  horizontal  fituation,  this  air  would  alfo  have 
occupied  therein  near  5  lines,  whereas  nothing  of 
this  is  even  now  to  be  feen  ;  yet  the  tube  makes 
an  angle  of  about  45  degrees  with  the  horizon, 
or  thereabouts. 

Befides  the  new  tubes,  wherein  the  quickfilver 
kept  6  or  7  lines  lower  in  fome  than  in  others,  and 
whofe  difference  diminifhes  alfo  by  degrees  as 
they  are  emptied  and  filled  again  with  the  quick¬ 
filver,  without  any  reafon  to  fufpedt  that  they 
ever  had  any  fpirit  of  wine  in  them,  gives  room 
to  imagine  that  the  fpirit  of  wine  occafions  a  lefs 
heighten  the  quickfilver,  only  by  making  the 
glafs  cleaner,  and  preventing  the  quickfilver  from 
fouling  the  infide  of  the  tube,  which  perhaps 
Hops  part  of  the  pores  of  the  glafs.  But  why  in 
barometers,  which  have  been  long  mounted,  this 
filth  does  not  continue  to  flop  intirely  thefe  pores, 
is  what  cannot  eafily  be  accounted  for  ? 

It  is  true,  that  this  obftru&ion  of  the  pores  of 
the  glafs,  feems  to  be  made  only  in  proportion, 
as  thefe  glaffes  are  emptied  and  filled  again  with 
quickfilver  ;  and  perhaps  one  and  the  fame  glafs 
has  not  often  enough  been  emptied  and  filled  a- 
gain  for  this  to  be  perceived. 

However  it  is,  it  (till  appears  difficult  to  ex¬ 
plain  the  phenomenon  in  queftion,  except  by 
fuppofing  that  there  paffes  a  greater  quantity  of 
the  lead  particles  of  air  through  thofe  glaffes, 
whofe  pores  are  moft  open  and  lefs  incumbered, 
as  I  have  already  faid  in  my  firft  obfervations, 
and  that  perhaps  more  considerable  differences 
would  be  found,  if  tubes  were  ufed  which  were 
made  of  a  matter  different  from  glafs. 


XVIII. 
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XVIII.  Experiments  on  the  capillary  tubes , 
by  M.  Carre  tranjlated  by  Mr.  Cham¬ 
bers. 

Mod  modern  authors,  who  fpeak  of  the  weight 
and  Ipring  of  the  air,  take  notice  of  the  experi¬ 
ments  made  with  capillary  tubes,  and  endeavour 
to  explain  why  water  rifes  therein  far  above  its 
level ;  and  the  farther  as  the  diameter  of  the  ca¬ 
pillary  tube  is  fmaller,  the  opinions  are  very 
much  divided  hereon  :  Some  will  have  this  afcent 
owing  to  the  predure  of  the  atmofphere,  being 
greater  on  the  furrounding  water,  than  within 
the  tube  ;  others  account  for  it  from  the  air  in 
the  tube,  not  being  at  liberty  to  move  and  a£t 
with  all  the  force  of  its  fpring  againd  the  water 
riling  therein  *,  others  hold,  that  it  is  occalioned 
by  the  waters  moidening  the  infide  of  the  tube 
adhering  thereto,  and  being  in  fome  meafure 
fudained  thereby  *,  fo  that  the  lateral  columns  of 
the  water,  which  furrounds  the  tube,  having  , 
more  force,  that  is,  relative  weight,  than  the 
columns  of  water  in  the  tube  oblige  them  to  af- 

cend. - But  in  phyfical  matters,  it  being 

experiment  alone  that  is  to  decide.  I  have  been 
induced,  on  account  of  the  great  number  of  ce¬ 
lebrated  authors,  v/hich  have  fpoken  hereof,  to 
make  feveral  experiments  on  this  head,  and  the 
generality  of  them  in  confort  with  M.  Geoffrey. 

id.  We  took  3  capillary  tubes,  the  larged 
whereof  was  j  of  a  line  in  diameter  ;  the  2d,  J 
of  a  line,  and  the  fmalled,  p0 .  Thefe  we 
plunged  in  water,  and  to  wet  them  the  better, 
paded  fome  of  it  quite  through  them  ;  then  put¬ 
ting  them  in  a  vertical  fituation,  the  water  rofe 
*  Aug.  22,  1705. 

2  above 
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above  its  level  in  the  ift  ;  io  lines  in  the  2d;  an 
inch  j,  and  2  inches  \  in  the  fmallefl. 

Then  taking  the  3  tubes,  we  flopped  one  of 
their  ends  with  a  piece  of  wax,  and  fattening 
them  one  after  another  to  the  fcale  of  a  very  nice 
balance,  letting  the  open  end  dip  in  a  vefifel  of 
water  underneath,  and  having  difpofed  them  thus, 
we  put  them  in  perfett  equilibrium.  The  piece  of 
wax  at  the  upper  orifice,  was  intended  to  prevent 
the  water  from  entering  them  that  way,  and  was 
removed  when  the  tubes  were  balanced  and  laid  in 
the  fcale  with  the  tube,  to  prevent  any  alteration 
in  the  equilibrium  ;  immediately  whereupon  the 
water  rofe  in  the  tubes,  to  the  heights  above  fpe- 
cified.  Now  I  argued  before  the  experiments, 
that  if  the  water  rofe  in  the  tubes  by  an  unequal 
preffure  of  the  air,  the  equilibrium  would  re¬ 
main  the  fame  after  as  before  ;  but  if  the  af- 
cent  were  owing  to  the  water’s  moiftening  and 
flicking  to  the  fides  of  the  tubes,  the  water  thus 
adhering,  mull  be  confidered  as  a  little  weight 
fuperadded  to  the  tube,  and  confequently  the 
equilibrium  would  be  deflroyed. 

The  event  was,  that  the  water,  as  it  rofe  in  the 
little  tube,  made  no  alteration  in  the  equilibrium, 
but  that  the  equilibrium  was  broke,  as  it  rofe  up 
the  middle  tube,  and  dill  more  fo  in  the  large  tube 
where  the  fcale  with  the  tube  invifibly  defended. 

- Hence  it  fhould  leem,  after  the  reafoning 

above-mentioned,  that  the  caufe  why  the  water 
afended  in  the  tubes,  was  its  flicking  to  their 
infides,  and  that  the  queflion  was  decided  ;  but 
reflecting,  that  when  one  of  the  ends  is  clofed 
with  wax,  the  tube  and  the  air  within  it,  may  be 
conceived  as  one  Angle  body,  whofe  bulk  is 
lighter  than  that  of  the  water,  whofe  place  it 
poflefles,  and  confequently  mufl  remain  in  the 

fame 
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fame  equilibrium  ;  but  that  the  tube  being  after¬ 
wards  unftopped,  and  the  air  thus  fet  at  liberty  to 
come  forth,  and  the  water  to  enter,  we  are  hence¬ 
forth  only  to  confider  the  proper  matter  of  the 
tube,  whole  bulk  is  heavier  than  an  equal  bulk 
of  water  ^  fo  that  this  catife  alone  mull  deftroy 
the  equilibrium,  and  therefore  nothing  can  be 
determined  from  thefe  experiments,  as  to  the 
real  caufe  why  water  afcends  in  capillary  tubes. 

Taking  the  largeft  tube,  and  immerging  it  firlt 
in  fpirit  of  wine,  the  liquor  rofe  therein  about  3 
lines  I  above  its  level,  and  plunging  it  a  fecond 

time,  it  rofe  4  lines. - Then  immerging  the 

fame  tube  in  common  water,  it  rofe  5  lines  \ ; 
and  immerging  it  a  fecond  time,  7  lines  £  j  the 

third  time,  it  rofe  10  lines. - Immerging  it 

next  in  oil  of  turpentine,  the  liquor  rofe  4  lines 
above  its  level  i  then  immerging  the  fame  tube 
thus  moillened  with  oil  of  turpentine,  after  flrfl: 
palling  fpirit  of  wine  through  it  to  deanfe  it  in 
fpirit  of  wine,  that  liquor  did  not  rife  fo  high  as 
the  level  of  what  was  in  the  veffel,  the  reafon 
whereof  was  apparently  owing  to  a  little  drop  of 
the  liquor  adhering  to  the  infide  of  the  tube.  — 
The  tube  hereupon  was  im merged  in  oil  of  tartar 
per  deliquium,  which  rofe  upwards  of  5  lines  a- 
bove  the  level  ^  and  being  immerged  a  fecond 

time,  it  rofe  6  lines.  - - It  was  immerged  in 

fpirit  of  nitre,  which  rofe  4  lines. - Then  in 

oil  of  olives,  which  rofe  5  lines,  the  tubes  where¬ 
withal  thefe  experiments  were  made  being  12  in¬ 
ches  \  long. 

Another  was  then  taken  of  the  fame  diameter 

9  inches  j  long,  which  being  immerged  in  com¬ 
mon  water,  the  fluid  rofe,  as  in  the  former,  about 

10  lines  above  its  level  ;  immerging  it  then  in 
fpirit  of  wine,  it  rofe  4  lines.  —  Whence  it  ap- 

Vol.  II.  N?  21.  T  c  pears. 
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pears,  that  the  different  length  of  the  tube  makes 
no  difference  in  the  afcent  of  the  fluid. 

I m merging  this  tube  in  mercury,  it  relied  be¬ 
low  the  level,  and  immerging  one  of  the  fmallefl: 
fize,  the  mercury  had  no  viflble  rife. 

Immerging  another  tube,  15  inches  long  }  of 
a  line  in  diameter,  the  fpirit  of  wine  rofe  therein 
about  12  lines. - Immerging  it  in  common  wa¬ 

ter,  it  role  2  inches,  5  lines. 

Another  tube,  5  inches  long,  and  of  the  fame 
diameter  as  the  former,  being  immerged  in  fpirit 
of  wine,  the  liquor  rofe  likewife  near  12  lines; 
and  when  immerged  in  common  water,  rofe  2  in¬ 
ches  3  lines  - A  little  piece  of  a  capillary 

tube  being  immerged  in  water,  it  rofe  to  the  top 
thereof,  and  there  flood. 

It  appears  from  all  thefe  experiments,  that  com¬ 
mon  water  always  rifes  the  higheft,  tho*  we  fee 
nothing  deducible  herefrom,  which  may  give  any 
light  into  the  difficulty  in  queftion  ;  for  as  fpirituous 
liquors  are  lighter  than  water,  if  their  afcent  a  - 
bove  the  level  arofe  from  the  unequal  preflfure  of 
the  air,  thofe  liquors  fhould  rife  higher  than  wa¬ 
ter  ;  the  contrary  of  which  is  found  ;  add  that  as 
they  are  more  fubtile,  they  fhould  moiften  the 
parietes  of  the  tubes  more  readily,  and  confe- 
quently  adhere  more  plentifully,  which  would 
alfo  occafion  them  to  rile  higher. 

3dly,  I  immerged  a  capillary  tube  in  a  veffel 
of  water,  which  rofe  therein  3  or  4  inches  above 
its  level.  In  this  ftate  I  fufpended  the  capillary 
tube,  and  put  the  whole  under  the  receiver  of  an 
air-pump  *,  reafoning  thus,  if  it  be  the  unequal 
preffure  of  the  air  that  occafions  the  water  to  af- 
cend  in  this  capillary  tube,  when  the  air  is  ex- 
haufted  from  the  receiver,  the  water  muft  de- 
fcend  and  return  to  a  level  with  that  around  it  v 

but 
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but  it  adhefion  be  the  caufe,  no,  alteration  muff 

enlue. - The  event  however  proved  contrary  to 

this  reafoning  *,  for  after  the  air  was  exhaufted, 
the  water  was  fo  far  from  defending  in  the  tube, 
that  it  rofe  upwards  of  a  line  higher.  The  rea- 
fon  whereof  may  not  be  far  to  feek  ;  for  wa¬ 
ter  being  full  of  a  multitude  of  particles  of  air, 
when  its  fpring  is  no  longer  bent  by  the  preffure 
:>f  the  upper  air,  it  muft  neceffirily  dilate,  and 
lugment  the  bulk  of  water.  To  be  the  better 
iffured  of  this  augmentation  of  bulk,  I  put  the 
:apillary  tube  in  another  tube,  ~  an  inch  in  dia¬ 
meter,  which  I  had' filled  with  water,  and  marked 
he  height  thereof  with  ink,  then  exhaufting  the 
lir,  the  water  vifibly  rofe  above  its  mark  ; 
whence  it  may  be  inferred,  that  there  are  particles 
enough  of  air  in  water  to  make  it  fufeptible  of 
ome  condenfation. 

4thly,  But  the  following  experiments  determine 
khe  queflion,  and  fern  to  leave  beyond  all  doubt, 
hat  ’cis  by  the  near  adhefion  of  fluids  to  the  in- 
ides  of  tubes,  that  makes  them  rife  above  their 
evel ;  fo  that  the  other  caufes  alledged  by  fe ve¬ 
al  authors  have  no  (hare  therein. —  I  run  a  drop 
>f  tallow  into  a  capillary  tube  melting  it  to  fuch  a 
legree,  till  the  layer  of  tallow  was  extremely 
hin  upon  the  infide  of  the  tube,  for  fear  of  flop¬ 
ping  it  up,  then  immerging  it  in  water,  the 
fluid  only  rofe  in  the  tube  to  a  level,  with  the  o- 
;her  water  around  it. 

This  fingle  experiment  fhews,  that  the  une¬ 
qual  preffure  of  the  air  is  a  fid: ion  ;  for  indeed 
low  can  fuel)  inequality  be  conceived,  when  the 
iperture  of  the  tube  is  fo  great  with  regard 
to  pores,  through  which  the  air  is  able  to  infi- 
suate  with  a  great  deal  of  eaie,  and  produce  the 
.ame  effects,  as  if  it  were  at  liberty,  which  is 

T  t  2  eafiiy 
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eafily  proved;  ift,  from  the  experiment  of  the 
common  barometer,  one  of  whofe  ends  has  been 
flopped  with  a  hog’s  bladder ;  for  after  making 
the  vacuum  as  ufual,  fo  that  the  preflfure  of  the 
adjacent  air  keeps  the  mercury  fufpended  2  7  or 
28  inches  high,  if  a  little  hole  be  made  in  the 
bladder,  with  the  point  of  a  needle,  whofe  dia¬ 
meter  is  much  fmaller  than  that  of  a  capillary 
tube,  the  air  will  immediately  infinuate  into  the 
tube,  and  make  the  mercury  fall.  2dly,  From 
what  befel  me  one  day  in  making  experiments 
upon  mercury,  When  the  mercury  continued  fall¬ 
ing  after  the  vacuum  was  made,  and  upon  enquiry 
into  the  caufe,  I  found  a  little  crack  in  the  tube 
made  ufe  of,  palling  therefore  two  flips  of  parch¬ 
ment  as  exadlly  thereon  as  I  could,  1  repeated  the 
experiment,  but  the  mercury  frill  defcendcd, 
tho’  fomewhat  flower  indeed,  a  fufficient  proof 
of  the  extreme  fubtilty  of  air  which  can  infi¬ 
nuate  into  the  fmalleft  apertures,  and  communi¬ 
cate  its  adtion  thereby. 

What  confirms  the  adhefion  of  water  to  the 
infide  of  the  tube  is,  that  if  we  only  run  tallow 
into  a  part  of  the  tube  below  the  natural  level  of 
the  water,  the  fluid  in  this  cafe  will  rife  above 
its  level  *,  and  if  the  tallow  be  only  run  on  one 
fide  of  the  tube,  the  water  on  that  fide  will  {land 
at  its  level,  but  will  rife  on  the  other  fide  above 
the  level.  In  fine,  if  a  drop  of  water  be  let  fall 
along  the  outfide  of  the  tube,  this  drop,  upon  ar¬ 
riving  at  the  extremity  thereof,  inflead  of  falling 
down,  will  enter  within  the  tube,  but  if  the  tube  be 
fmeared  with  tallow,  inflead  of  entering  it  will 

fall  diredlly  down. - ’Tis  evident  therefore 

from  the  whole,  that  the  caufe  of  the  water’s  af- 
cending  above  its  level  in  capillary  tubes  is,  that 
in  wetting  the  parietes  of  the  tube,  it  adheres  to 

them, 
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them,  and  is  partly  fuftained  thereby,  by  which 
means  the  other  columns  of  the  adjacent  water 
having  a  greater  degree  of  weight,  or  preffing 
more  on^the  bottom  of  the  veffel,  oblige  thofe  over 
the  aperture  of  the  tube  to  rife  above  their  pitch. 

To  conceive  how  the  external  columns  of  wa¬ 
ter  fhould  have  more  weight  than  thofe  imme¬ 
diately  contiguous  to  the  infides  of  the  tubes,  we 

advance  the  following  propofition. - If  a 

body  red:  by  one  of  its  extremes  on  the  inequa¬ 
lities  of  fome  other  vertical  body,  whether  by 
meer  oppofition,  or  by  entering  within  fuch  in¬ 
equalities,  and  be  fuftained  by  a  power  applied 
to  the  oppofite  part,  the  power  will  be  to  the 
weight,  or  to  the  effort  it  makes  to  defcend,  as 
the  diftance  of  the  centre  of  weight  of  fuch  body 
from  the  point  of  fupport,  is  to  the  diftance  of 
the  power  from  the  fame  point  of  fupport. 

For  fuppofe  *  AB,  a  vertical  furface,  and  fup- 
pofe  a  body  as  ED,  one  of  whofe  extremes  refts, 
or  is  fudained  on  the  point  D  of  the  fame  fur- 
face,  and  having  the  point  C  for  its  centre  of  gra¬ 
vity,  ’tis  evident,  that  if  a  power  fuftained  it  in 
the  point  F,  it  will  not  bear  the  whole  weight 
thereof,  fmce  we  fuppofe  it  fuftained  in  D ;  but 
this  power  will  have  the  fame  ratio  to  the  effort 
the  body  FD  makes  to  defcend,  as  the  diftance 
DC  has  to  the  diftance  FD  *,  for  we  may  fuppofe 
this  body  as  fuftained  on  the  middle  of  a  hori¬ 
zontal  lever  FD,  by  two  powers  applied  in  F  and 
D,  now  by  the  laws  of  equilibrium  the  power  F 
is  to  the  weight  of  the  body  FD,  as  CD  is  to 
FD  ;  wherefore,  &Y. 

’Tiseafy  toapply  this  reafoning  to  capillary  tubes*, 
for  fuppofe  the  veffel  AB  full  of  water,  wherein  the 
capillary  tube  CD  is  immerged,  and  fuppofe  this 

♦  Plate  V.  Fig.  7. 
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water  divided  into  columns,  compolalof  globules 
of  water,  laid  one  over  another  as  E,  ’tis  evi¬ 
dent,  that  when  the  water  is  entered  this  tube,  all 
the  particles  in  immediate  contadf  with  its  pa- 
rietes,  will  be  partly  fullained  thereby  ;  now  by 
the  laws  of  fluids,  the  water  will  A  and  at  a  level, 
provided  nothing  hinder  it,  by  reafon  all  its  co¬ 
lumns  are  equally  heavy,  or  prefs  the  bottom  of 
the  veflfel  with  equal  force  ;  but  thofe  which  touch 
the  infide  of  the  tube  are  partly  fullained,  and 
confequently  do  not  adt  on  the  bottom  of  the 
veflel  with  all  their  force  ;  fo  that  the  adja¬ 
cent  columns  muft  make  them  afeend,  and  this 
till  fuch  time  as  they  make  up  in  height,  what 
they  lofe  of  their  weight  by  adheflon,  and  thus 
reflore  the  equilibrium. 

From  this  account,  it  appears,  that  fluids,  con¬ 
tiguous  to  the  outfides  ot  tubes,  fhould  likevvife 
rife  to  a  conflderable  height,  which  is  contrary  to 
experience  ;  but  it  muft  be  noted,  that  in  the  in- 
fides  of  tubes,  the  particles  of  the  fluids  fuftain 
one  another,  and  contribute  to  their  mutual  ele¬ 
vation,  which  does  not  obtain  on  the  outfide  ; 
accordingly  we  find  that  water  will  rife  a  little, 
even  in  a  very  large  tube. 

’Tis  evident,  that  the  fmaller  the  diameter  of  a 
capillary  tube  is,  the  higher  muft  the  water  rile 
therein  ;  for  the  force  of  adheflon  is  mealured  by 
the  internal  furface  of  the  tube,  and  the  refiftance 
is  meafured  by  the  weight  of  the  columns  of  wa¬ 
ter  contained  therein  ;  but  columns  of  the  fame 
height  are  in  a  duplicate  ratio  ot  the  diameter 
of  the  tube;  whereas  the  furfaces  are  only  in  the 
Ample  ratio  of  thofe  diameters,  confequently  the 
furface  ot  a  large  tube  bears  a  lefs  proportion  to 
the  quantity  ot  water  it  contains,  than  the  fur- 
face  of  a  fm;\l  1  one  does  to  its  contents  of  water, 

com 
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•confequently  the  force  of  adhefion  is  lefs  in  the 
large  than  the  fmall  one  ;  wherefore,  &V. 

’Tis  evident  likewife,  that  in  tubes  equally,  or 
unequally,  inclined,  the  water  muft  always  rife  to 
the  fame  height,  notwithstanding  its  being  in 
greater  quantity  than  when  are  they  vertical  ;  for 
in  inclined  tubes,  the  momentum  ot  the  preffure 
of  the  water  is  not  mealured  by  the  whole  length 
of  the  tube,  or  by  the  abfolute  weight  of  the 
whole  column  of  water  in  the  tube,  but  by  its 
vertical  height,  fince  it  will  only  be  impelled  by 
the  weight  of  the  column  of  the  adjacent  water 
that  preffes  freely. 

I  fhall  here  fubjoin  fome  other  experiments 
on  the  fame  fubjedt,  wrhich  tend  to  confirm  this 
reafoning.  — —  Suppofe  a  capillary  tube  *  AB, 
whofe  infide  is  very  dry,  applying  only  the  end 
B  to  the  furface  of  a  flagnant  water,  it  will  rife 
to  C  *,  but  if  the  tube  be  firfl  wetted  by  pafhng 
water  thro’  it,  it  will  rife  higher  to  T>,  and  if 
the  tube  be  plunged  in  the  water,  it  will  rife 
ftill  higher  as  to  E  ;  if  now  the  tube  be  taken 
out  of  the  water,  that  within  it  will  gradually  de¬ 
fend,  and  a  little  drop  will  be  formed  in  B, 
which  is  the  cafe  when  the  height  BE  is  very 
great,  for  otherwife  the  water  will  remain  fuf- 
pended,  and  not  iflue  out  •,  if  now  the  water  in 
B  be  made  to  touch  a  drop  of  water  placed  on  a 
plane,  the  water  in  the  tube  will  be  found  to 
defend  from  E  to  D,  which  is  the  place  where 
it  would  have  flood,  if  only  the  end  B  had  been 
made  to  touch  the  furface  of  the  water.  On  the 
contrary,  if  the  water  had  only  rofe  to  C,  and, 
the  end  B  had  been  made  to  touch  the  fame  drop 
of  water  on  the  plain,  the  water  would  have  role 
to  D. 

*  Fig.  8. 
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The  caufe  of  all  thefe  eflfe&s  depends  on  the 
fame  laws  of  equilibrium  ;  for  when  the  drop  in 
B  touches  another,  it  unites  thereto  by  imme¬ 
diate  contact,  and  in  this  cafe,  if  the  water  be  in 
E,  being  now  raifed  too  high,  it  mull  link,  fmce 
the  whole  muft  come  to  an  equilibrium  and  if 
it  be  too  low,  as  in  C,  it  mult  rife  for  the  lame 
reafon. 

We  are  now  to  explain,  why  fome  bodies  are 
eafier  to  wet  than  others-,  why  different  fluids 
are  fitted  to  wet  different  bodies  ,  and,  Jaflly, 
why  certain  fluids  mixed  together,  while  others 
will  not  mix,  but  always  leparate  from  each 
other. 

In  order  to  this,  I  lay  it  down  as  a  certain 
principal,  proved  in  my  opinion  beyond  all  poi- 
fibility  of  con  trad  idt  ion,  by  father  Mallebrancb 
and  M.  Bernoulli ,  ill.  That  the  cohefion  and 
hardnefs  of  bodies  arifes  only  from  the  compref- 
fion  of  a  furrounding  fluid-,  for  without  admitting 
a  kind  of  gluten  in  the  parts  of  homogeneous 
bodies,  a  name  no  more  intelligible,  no  fitter  to 
explain  the  union  of  certain  bodies  than  of  fym- 
pathy,  pretending  to  unite  the  particles  to  each 
other,  true  philolophy  will  allow  no  other  force 
nor  a&ion  in  bodies,  but  what  arifes  from  their 
motion.  2cily,  That  this  cohefion  or  hardnefs  is 
fo  much  the  greater,  as  the  particles  of  fuch  bo¬ 
dies  touch  in  more  furface,  and  leave  lels  fluid 
between  them,  to  refift  the  adlion  of  that  with¬ 
out  them  -,  fo  that  if  the  reflffance  be  equal  to 
this  external  adlion  or  compreflion,  the  particles 
will  not  cohere  at  all  \  or  if  the  internal  fluid  re- 
fift  more  than  the  external  one,  the  particles  will 
fly  afunder  but  if  the  external  one  adl  with  moil 
force,  the  fame  particles  will  unite,  and  this  in 
a  greater  degree,  as  their  furfaces  are  fmootheF 
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in  the  feveral  parts  where  they  join ;  fo  that  if 
they  be  fo  fmooth,  as  to  fit  immediately  to  each 
other,  without  leaving  any  interfaces  between 
them,  and  confequently  any  paflage  for  the  am¬ 
bient  fluid,  they  will  be  compreffed  by  the 
whole  force  of  this  fluid  ;  and  herein  conflfts  the 
greateft:  hardnefs  of  bodies.  After  this  manner, 
we  may  account  for  the  union  of  two  fmooth 
bodies,  as  2  pieces  of  glafs,  2  polifhed  marbles, 
&c.  or  the  union  of  2  hollow  hemifpheres  of 
brafs,  from  whence  the  air  has  been  exhaufted, 
which  will  make  fuch  an  effort  againft  their  be¬ 
ing  dif-united,  that  feveral  horfes  will  be  re¬ 
quired  to  leparate  them. 

The  application  of  this  to  fluids,  which  will 
wet  fome  bodies  and  not  others,  is  eafy  ;  for 
when  the  particles  of  a  fluid  have  their  texture  or 
conftitution  of  their  little  furface,  fuch  as  that 
they  may  join  moft  immediately  to  the  furfaces 
of  bodies,  they  are  contiguous  withal,  and  leave 
the  leaft  fluid  between  them  and  the  furface  of 
fuch  body,  they  will,  in  this  cafe,  adhere,  and 
be,  as  it  were,  faftened  and  kept  together  by 
the  preffure  of  the  furrounding  fluid  ;  and  ’tis 
for  this  reafon,  that  the  drops  of  water  fuftained 
upon  the  leaves  of  trees,  fpme  whereof  are  ex¬ 
tremely  fmooth,  do  not  fall.  And  from  the 
fame  principal  we  may  explain,  why  the  parti¬ 
cles  of  any  fluid  unite,  and  thofe  of  a  different 
fluid  keep  afunder  ;  for  the  particles  of  one  and 
the  fame  fluid  being  all  homogeneous,  that  is,  hav¬ 
ing  their  furfaces  nearly  flmilar  to  each  other, 
when  they  chance  to  meet  they  unite  as  clofe 
as  poflible,  leaving  very  little  of  the  above-men¬ 
tioned  fluid  between  them,  to  refill  the  aflion  of 
the  external  one.  On  the  contrary,  the  particles 
of  different  liquors  being  heterogeneous,  that  is, 
Vol,  II.  N°.  21.  U  u  having 
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ha  vingjdifferent  figures,  muftof  confequenceleavea 
large  quantity  of  the  fluid  between  thereto  prevent 
their  joining.  Hence,  after  mixing  oil  and  wa¬ 
ter,  by  beating  them  together  a  confiderable 
time,  as  the  particles  of  fluids  have  each  of  them 
their  motion  in  all  pofflble  directions,  feparately 
from  the  reft,  when  a  particle  of  oil  happens  to 
meet  a  particle  of  water,  they  cannot  join  clofe 
enough  to  cohere,  by  reafon  of  their  figure,  and 
the  arrangement  of  their  particles,  which  makes 
them  to  flip  over  one  another,  inftead  of  clofing  ; 
but  when  a  particle  of  oil  meets  another  particle 
of  oil,  their  furfaces  being  fimilar,  they  approach 
as  near  as  poflible,  and  thus  unite  by  reafon  of 
the  little  refiftance  made  from  within  againft  the 
aCtion  of  the  fluid  without. 

Let  it  not  be  alledged,  that  this  account  tends 
to  deftroy  the  fluidity  of  liquors;  for  tho’  a  par¬ 
ticle  adhere  clofe  enough  to  another  to  be  railed, 
or  fuftained  therewith,  on  account  of  the  finall- 
nefs  of  its  weight,  yet  it  does  not  adhere  ftrongly 
enough  to  refill  the  impulfe  of  any  other  particle 
ftriking  againft  it,  or  even  the  aCtion  of  the  fub- 
til  fluid,  which  may  infinuate  between  them  ;  by 
purfuing  this  reafon ing,  we  may  be  able  to  ac¬ 
count  for  the  following  very  curious  experiment. 

■ - Wine  and  oil  being  mixed  together  as  inti¬ 

mately  as  poflible,  if  we  would  fieparate  them  a- 
gain,  we  are  only  to  take  two  flips  of  whited  1 
brown  paper,  ufed  for  figuration  withal,  and  dip  ! 
them  feparately,  the  one  in  wine,  and  the  other  1 
in  oil,  then  immerging  one  end  of  each  in  the 
mixed  liquor,  and  letting  the  other  hang  over 
the  edge  of  the  veflfel,  we  (hall  find  the  oil  drawn 
oil  by  the  paper,  which  had  been  moiftened  there¬ 
with,  and  the  wine  by  the  other.  Now  the  rea- 
lon  is  evident,  for  a  particle  of  wine  when  it 

ft r ikes  1 
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ftrikes  againft  a  particle  of  oil,  being  unable  by 
reafon  of  its  figure,  to  come  clofe  enough  to  ex¬ 
pel  the  fubtil  fluid  between  them,  inftead  of  u- 
niting  thereto,  is  neceffarily  repelled  ;  whereas  a 
particle  of  oil,  on  the  contrary,  meeting  a  particle 
of  wine,  approaches  thereto  clofely  enough  to 
expel  the  fluid,  upon  which  the  furrounding  fluid 
comprefling  them  without  refiftance,  they  remain 
united  together,  and  arife  as  ufual. 

When  a  greater  number  of  fluids  is  mixed  to 
gether,  their  feparation  is  not  effected  with  fo 
much  exadtnefs ;  but  it  appears  by  the  experi¬ 
ment,  that  water  difengages  itfelf  the  moft  readily 
from  the  other  liquors  it  is  mixed  withal,  which 
may  ferve  to  account  for  the  great  facility  wherewith 
urine  feparates  from  the  blood,  in  pafling  thro’  the 
glands  of  the  kidneys,  as  we  fhall  fhew  hereafter. 

The  fame  principle  might  Jikewife  perhaps 
ferve,  to  explain  the  different  fecretions  made  in 
the  body,  that  is,  how  the  different  particles 
whereof  the  blood  confifts,  are  feparated  through 
the  glands  of  the  refpedtive  vifcera,  deftin’d  for 
this  office  *,  for  all  the  other  folutions  hereof  la¬ 
bour  under  great  difficulties:  there  are  tv/o,  a- 
mong  many,  which  have  the  moft  air  of  proba¬ 
bility.* - *  The  firft  is,  that  all  the  particles  of 

blood  are  homogeneous,  but  that  the  pores  of 
different  glands  being  different,  thefe  ferve  as  fo 
many  moulds,  to  give  that  figure  to  the  parti¬ 
cles  received  within  them  neceffary  to  conftitute 
the  liquor  required.  Now  5tis  hard  to  conceive 
how  the  chyle,  which  mull  confift  of  particles  of 
all  the  different  kinds  of  foods  fhould  be  fo 
changed,  as  that  fuch  different  particles  fhould  all 
become  homogeneous  in  the  blood  ;  befldes  how 
fhall  we  conceive  thefe  moulds  to  a<5t  upon  li¬ 
quors  which  ftill  remain  fluid  ? 

U  u  2 
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The  fecond  account  fuppofes  particles  of  mat¬ 
ter  in  the  blood  of  all  kinds  of  figures,  but  that 
the  pores  of  the  glands  being  likewife  differently 
figured,  anfwerably  thereto,  let  only  fuch  parti¬ 
cles  pafs,  as  are  adapted  to  them  j  that  is,  if  a 
pore  be  prifmatical,  or  pyramidal,  it  will  only 

admit  fuch  particles  as  are  of  thofe  figures. - 

This  opinion  would  carry  the  more  probability, 
if  the  particles  of  blood  were  of  equal  bignefs  ; 
but  as  fome  of  them  are  certainly  bigger  than  o- 
thers,  we  do  not  fee  why  a  cubic  particle,  for  in- 
ftance,  which  is  fmaller  than  a  prifmatic  pore, 
fhould  not  pafs  thro’  the  fame,  and  fo  of  others  -9 
but  if  the  glands  be  fuppofed  to  have  been  moif- 
tened,  from  the  fir  ft  formation  of  the  body,  with 
the  proper  liquor,  which  they  are  afterwards  to 
fecrete  (as  may  be  fuppofed  confiftantly  enough 
with  the  modern  fyftem  of  generation,  which  is, 
that  all  organized  bodies  were  formed  at  the  time 
of  the  creation,  and  lodged  one  in  another,  to 
be  enlarged  and  unfolded  in  procefs  of  time)  it 
will  be  eafy  to  explain,  upon  the  principle  al¬ 
ready  laid  down,  how  the  heterogeneous  particles 
of  the  blood  fhould  feparate  from  each  other, 
and  compofe  the  ieveral  juices  wherewith  we  find 
the  receptacles  of  the  body  filled  •,  for  a  particle 
of  bile,  for  inftance,  ftriking  againft  a  particle, 
which  is  to  compofe  fome  other  humour,  will  not 
adhere  thereto,  by  reafon  of  the  different  texture 
of  their  furface  ;  but,  for  the  contrary  reafon,  will 
unite  to  another  particle  of  bile,  and  both  of  them 
go  together,  to  the  common  receptacle  of  the  bile. 
After  the  fame  manner  may  we  account  for  the 
nutrition  and  growth  of  different  plants  in  the 
lame  foil,  on  a  luppofition,  that  there  are  par¬ 
ticles  of  all  figures  in  luch  loil ;  fome  of  them 
fit  for  the  nutriment  of  one  plant,  and  fome 
of  another.  XIX* 
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XIX.  A  continuation  of  the  cb formations  on 
the  height  of  the  quick/ihcr  in  the  baro¬ 
meters ,  by  M.  Amontons 

Following  my  firft  views,  I  mean  fuppofing 
that  the  pores  in  fome  tubes  are  more  open  than 
in  others,  and  that  admitting  a  paftage  to  more 
parts  of  air,  it  is  refilled  to  none  but  the 
thickefl,  which  by  their  weight  fupport  the  re¬ 
maining  quickfilver  in  the  tube  ;  I  took  a  mean 
barrel  of  a  gun,  of  34  inches  f  in  length,  I  had 
the  breech  of  it  foldered,  which  is  properly  feal- 
ing  it  hermetically.  When  it  was  cold,  I  filled 
the  barrel  quite  full  with  quickfilver,  of  which 
there  entered  53  ounces  {-.  I  obferved,  that  it 
held  it  exadtly,  not  letting  any  out  at  any  part  *, 
after  which  I  prepared  to  perform  the  inverfion, 
but  this  tube  not  being  tranfparent,  the  difficulty 
was  to  know  at  what  height  the  quickfilver  would 
flop.  I  at  firft  thought  to  have  weighed  that 
which  fhould  remain  in  the  tube  after  the  inver¬ 
fion,  that  comparing  it  afterwards  by  the  weight 
of  quickfilver,  which  quite  filled  this  barrel,  I 
might  judge  of  that  height  which  I  fought.  But 
this  not  only  feemed  to  me  troublefome  to  exe¬ 
cute,  but  I  alfo,  for  many  reafons,  thought  it 
not  very  certain.  For,  1  ft,  I  was  not  fure  that 
this  barrel  was  exadtly  of  the  fame  fize  from  one 
end  to  another  :  on  the  contrary,  there  was  fome 
reafon  to  believe  it  was  not  •,  therefore  nothing 
precife  could  be  gained  this  way.  2dly,  Stop¬ 
ping  the  open  end  with  a  finger,  in  order  to 
hinder  the  quickfilver  in  the  cup  from  commu¬ 
nicating  with  that  in  the  tube,  it  was  in  a  man¬ 
ner  impoflible,  but  that  the  quickfilver  muft 
*  Sept .2.  1705. 
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then  be  in  fuch  balancings,  as  might  give  greater 
or  lefs  heights  than  what  are  true.  After  having 
confidered  all  this,  I  fucceeded  in  the  following 
manner. 

I  caufed  the  wooden  veflel  ABCDE  *  to  be 
turned,  the  cavity  of  which  was  in  the  figure  of 
a  rectangular  cone  inverted,  and  the  outfide  was 
a  cylinder. 

Then  having  taken  the  quickfilver  out  of  the 
barrel,  I  laid  the  open  end  of  it  in  the  bottom 
of  the  wooden  cone,  and  holding  it  Hoping  as 
much  as  poffible,  I  poured  a  little  quickfilver  all 
round  it,  to  fee  at  what  height  I  fhould  make  the 
the  hole  FG,  which  might  ferve  to  difcharge  the 
quickfilver  of  the  veflel  ABC,  and  leave  only 
therein  always  exactly  a  fufficient  quantity  to  hin¬ 
der  the  external  air  from  entering  at  the  bottom 
of  the  barrel. 

After  having  therefore  bored  the  hole  FG,  a 
little  Hoping  towards  E,  I  Hopped  it  with  a  little 
wooden  Hopper,  which  I  could  take  out  and  put 
in  as  I  pleafed  *,  then  I  filled  my  iron  tube  quite 
full  of  quickfilver,  thruHing  into  it  an  iron  rod, 
which  I  turned  about  every  way,  long  enough 
to  expel  all  the  little  bubbles  of  air,  which  might 
remain  adhered  to  the  inward  walls  of  this  tube. 

Having  then  poured  into  the  veflel  ABC  a 
quantity  of  quickfilver,  fufficient  for  the  open 
end  of  the  tube  to  dip  therein,  I  put  this  vef- 
fel  into  a  larger,  in  order  to  receive  that  which 
might  run  over  by  the  difcharge  FG  during  the 
experiment. 

After  having  dipped  the  open  end  of  the  tube 
full  of  quickfilver  into  that  of  the  veflel,  inflead 
of  raifing  it  perpendicularly,  as  is  uiually  done, 
I  held  it  very  Hoping,  fo  that  in  all  appearance, 

*  Plate  V.  Fig.  9. 
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the  vacuum  muft  not  be  made  in  the  upper 
part. 

The  whole  being  in  this  ftate,  I  opened  the 
hole  G  to  let  out  all  the  fuperfluous  quickfilver, 
which  came  out  immediately  ;  after  which  I,  by 
degrees,  fet  the  tube  upright,  obferving  exabtly 
the  time  when  I  faw  the  quickfilver  run  again, 
through  the  hole  G  ;  for  that  was  to  fhow  me  the 
point  where  the  vacuum  was  to  be  begun,  which 
having  feveral  times  carefully  executed,  holding 
a  rule  graduated  by  inches  perpendicular  to  the 
fide  of  the  tube,  1  always  found  the  perpendi¬ 
cular  height  of  the  quickfilver  above  F,  at  23  in¬ 
ches,  4  lines,  though  it  was  then  in  other  glafs 
tubes  at  27  inches,  8  lines. 

I  then  left  this  tube  forthe’experiment :  but  during 
the  firft  five  hours  there  came  out  about  1 3  ounces 
\  weight  of  quickfilver.  In  the  fix  hours  follow¬ 
ing, there  came  out  6  ounces  £  more  ;  and  10  ounces 
in  twelve  other  hours;  and,  laftly,  8  ounces 
in  eight  hours  more  :  after  which,  having  quite 
emptied  the  tube,  I  found  ftill  therein  4  ounces 
~  ;  fo  that  all  the  quickfilver  which  remained  in 
the  tube,  after  the  inverfion,  was  43  ounces,, 
which  was  to  the  53  f,  which  filled  the  tube  near 
the  ratio  of  the  27  inches,  8  lines,  which  the 
glafs  tube  had  given,  to  34  inches  j  length  of 
the  iron  tube:  which  would  have  made  me  ima¬ 
gine,  if  I  had  regard  only  to  the  weight  of  quick¬ 
filver,  that  the  vacuum  was  made  of  the  fame, 
height  in  the  iron  as  in  the  glafs  tube.  But  it  is 
to  be  obferved,  that  the  iron  tube  during  the  eva¬ 
cuation,  was  fo  Hoping,  that  the  quickfilver  mud 
ftand  therein  about  6  lines  higher,  than  if  it  had 
been  perpendicular,  and  that  alfo  the  fize  of  the 
iron  tube  in  all  appearance  leffened  near  the  top  ; 

which 
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which  I  had  obferved  only  by  my  eye,  and  by 
putting  my  finger  into  it  before  it  was  foldered. 

Now  though  thefe  evacuations  fhow,  that  this 
tube  lets  in  the  air  *,  yet  there  are  many  things 
worth  obfervation  in  this  experiment.  For  firff, 
the  difference  of  the  4  inches,  4  lines,  which  was 
at  firft  found  between  the  heights  of  the  quick- 
filver,  contained  at  the  lame  time  in  the  iron  and 
in  the  glafs  tube,  cannot  be  imputed  to  the  hole, 
through  which  the  air  muff  have  time  to  infmuate 
itfelf  into  the  tube*,  for,  according  to  the  obfer¬ 
vation  of  the  continuance  of  thefe  evacuations,  it 
would  have  taken  near  two  hours  to  let  in  all  the 
air  neceffary  to  produce  this  difference,  whereas 
it  was  inftantly  found. 

Secondly,  This  experiment  ffiews  alfo,  that 
tlie  parts  of  quickfilver  can  by  no  means  pafs 
through  fuch  apertures,  as  the  groffer  parts  of  air 
pafs  through,  when  they  are  both  equally  loaded. 
Yet  it  is  known,  that  quickfilver,  when  loaded, 
paffes  through  very  narrow  pafiages,  and  the 
flownefs  with  which  the  air  penetrated  into  the 
iron  tube,  makes  me  conjecture,  that  the  paf- 
iage  through  which  it  paffed,  muff  have  been  a 
very  little  one.  In  the  time  of  the  evacuations, 
my  thermometers  were  at  55  inches,  9  lines. 

To  conclude  ;  it  does  not  appear,  that  a  rea- 
fon  can  be  eafily  given  for  this  great  difference  in 
the  heights  of  the  quickfilver,  otherwife  than  by 
fuppofing  with  me  an  inequality  in  the  fize  of 
the  parts  of  air  which  compole  the  atmofphere, 
and  that  the  pores  are  greater  in  iron  than  in 
glals.  Yet,  as  it  is  not  known,  whether  the 
fame  thing  would  happen  in  other  tubes  of  iron, 
I  dare  not  conclude  any  thing  thereupon,  and  look 
on  this  only  as  a  preliminary  experiment,  which 
precedes  thofe  which  are  to  confirm  or  explain  it: 
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for,  in  fhort,  perhaps  the  ruft,  which  is  confi- 
derabJe  in  the  infide  of  this  tube,  retains  many 
particles  of  air,  which  hinder  the  vacuum  in  this 
tube,  from  being  made  fo  perfedt  as  in  thofe  of 
glafs-,  which  is  yet  what  I  can  hardly  believe, 
confidering  the  care  I  took  to  get  it  out  and  I 
cannot  imagine,  that  a  fufficient  quantity  fhould 
remain  to  produce  fuch  a  confiderable  difference, 
independant  of  the  pores  of  the  metal. 

I  have  laid,  in  my  laft  memoir,  that  fpirit  of 
wine  perhaps  only  occafioned  a  lefs  height  in 
tubes  which  had  been  walked  with  it,  becaufe  it 
made  them  cleaner,  and  hindered  the  drofs  of  the 
quickfilver  from  fixing  to  them. 

On  this  occafion,  it  would  not  be  from  the 
purpofe  for  me  to  relate  fome  experiments  there¬ 
upon,  which  have  fhewn  me,  that  the  cleaned: 
quickfilver,  which  has  been  long  fhaken  in  a 
very  clean  glafs,  ful lies  and  obfcures  it  very  con- 
fiderably.  For  having  often  carried  in  my  pocket 
little  bottles  of  quickfilver,  fome  of  which  were 
even  fealed  hermetically,  having  carried  them 
for  a  year  or  longer,  I  always  found  the  bottle  not 
only  very  dirty,  but  the  quickfilver  partly  reduced 
to  a  black  duff,  like  a  pounded  coal,  as  the  com¬ 
pany  may  have  obferved  in  that  which  I  have 
long  made  ufe  of,  in  form  of  one  of  thofe  levels, 
called  ball  levels ,  in  which  the  oppofite  fides  are 
feldom  parallel  ;  though  it  is  neceffary  to  make 
the  ufe  of  it  certain,  which  is  not  fo  in  this 
cafe. 

But  to  return  to  our  fubjedt,  it  is  therefore  very 
pofiible,  that  the  matter  which  paffes  through  the 
pores  of  the  glafs,  which  has  hitherto  been  thought 
to  be  only  that  of  light,  finds  more  or  lefs  hinderance 
to  its’paflage, according  as  the  entrance  of  thefepores 
is  more  or  lefs  entangled  with  a  foreign  matter, 
Vol.II.N0.  21.  Xx  fuch 
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fuch  as  may  be  the  drofs  and  leaden  part  of  the 
quickfilver,  or  of  fome  other  matter  floating  in 
the  air,  capable  of  producing  fuch  an  effedt  ;  as 
it  would  happen  to  a  fine  fleve,  expofed  for 
fome  time  tothefmoak  :  for  the  foot  which  would 
cleave  to  it,  might  flop  the  holes  *,  fo  that  what 
before  paffed  eafily  through  it,  could  no  longer 
pafs  at  all,  or  with  difficulty  *,  and  as  by  wafhing 
this  fieve,  it  might  be  recovered  to  its  firft  ftate. 
In  like  manner  alfo,  fpirit  of  wine,  or  other  li¬ 
quors,  may  take  off  that  kind  of  foot  which  hin¬ 
ders  that  paffage  to  the  little  parts  of  air,  which 
the  greatnefs  of  the  pores  of  the  glafs  would  per¬ 
haps  otherwife  allow  them. 

XX.  New  reflections  on  the  rules  for  the 
condenfation  of  the  air ,  by  M.  Caffini  the 
Jon  *f\ 

The  perpendicular  height  of  Mountd'Or^ above 
the  level  of  the  lea,  was  meafured  to  be  1040 
toifes,  by  the  obfervations  which  we  made  on  it, 
to  determine  the  triangles  of  the  meridian.  The 
height  of  the  quickfilver  was  there  obferved,  by 
F.  Sebajiicn,  22  inches,  2  lines,  June  8.  It  was 
then  at  Pans ,  in  the  tower  of  the  hall  of  the  ob- 
fervatory,  22  inches,  9  lines  j.  There  was  a 
difference  therefore  of  5  inches,  7  lines  f,  to 
which,  if  we  add  4  lines  for  the  difference,  which 
agrees  with  the  height  of  the  obfervatory  above 
the  level  of  the  fea,  we  fhall  have  for  1040  toifes 
height  of  Mount  d’Or  above  this  level,  5  inches, 
1 1  lines  i  falling  of  the  quickfilver,  which  is  in 
the  proportion  of  14  toifes,  3  feet,  and  fome 
inches  lor  each  line,  one  with  another.  Accord- 
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ng  to  the  table  *,  which  I  have  drawn  up,  ac¬ 
cording  to  M.  Mariotte's  rules,  allowing  with 
him  for  the  firfl  line  of  quickfilver,  which  an- 
fwers  to  the  level  of  the  fea,  10  toifes,  3  feet,  we 
have  for  the  line  which  anfwers  to  6  inches  dimi¬ 
nution  of  quickfilver,  which  is  nearly  that  which 
is  found  upon  Mount  d’Or ,  1 3  toifes,  2  feet,  2 
inches,  2  lines  lefs,  than  what  is  found  for  each 
line  of  quickfilver,  even  though  we  fhould  fup- 
pofe  no  augmentation  caufed  by  the  dilatation  of 
the  air. 

Continuing  to  compare  the  table,  drawn  by 
the  rules  with  the  experiments,  we  fee  that  at  6 
inches  diminution  of  quickfilver,  the  height  of  the 
air  above  the  furface  of  the  fea,  fhould  be  852  toifes 
infleadof  1040,  as  has  been  found  by  obfervation, 
and  that  at  the  height  of  1044  toifes  above  the  level 
of  the  fea,  which  is  nearly  that  of  Mount  d’Or ,  there 
ought  to  have  been  found  a  diminution  of  7  in¬ 
ches,  2  lines  of  quickfilver  ;  that  is,  above  14  lines 
more  than  has  been  found  by  F.  Sebajlieri* s  expe¬ 
riment,  compared  with  that  which  was  made  at 
the  fame  time  at  the  obfervatory. 

This  difference  is  fo  confiderable,  that  it  can¬ 
not  be  afcribed  to  any  error  that  could  have  been 
made  in  meafuring  the  height  of  the  mountains, 
nor  to  the  different  temperature  of  the  air,  which 
could  have  made  a  different  variation  in  the 
height  of  the  quickfilver  at  Paris  ;  and  at  Mount 
d’Or  we  have  found,  that  the  variations  in  the 
height  of  the  quickfilver  ufually  happened  at  the 
fame  time  ;  and  if  there  were  feme  differences, 
they  never  were  near  fo  confiderable. 

The  obfervation,  which  F.  Sebnjlien  made  at 
Clermont ,  gives  us  room  to  examine  with  more 
exadtnefs  the  experiment,  which  M.  P crier  made 


*  See  above,  pag.  251. 
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on  the  Puy  de  Domme ;  and  which  M.  Mariotte 
makes  ufe  of  for  the  confirmation  of  his  rules.  June 
jo,  1705,  F.  Sebaflien  obferved  near  the  Minims , 
which  is  the  very  place  where  M.  Perier  made  his 
experiments,  the  height  of  the  quickfilver  to  be  26 
inches,  6  lines.  By  the  obfervations  made  at  Pa¬ 
ris  before  and  after,  it  was  27  inches,  10  lines. 
The  difference  is  1  inch,  4  lines,  which  agrees 
with  the  height  of  Clermont  above  the  obferva- 
tory  ;  to  which  if  we  add  4  lines,  for  the  height 
of  the  obfervatory  above  the  level  of  the  fea,  we 
have  1  inch,  8  lines,  for  the  height  of  Clermont 
above  the  level  of  the  fea.  II  we  add  to  this  dif¬ 
ference  3  inches,  1  line  j,  which  is  that  which 
M.  Perier  found  between  the  Minims  of  Cler¬ 
mont,  and  the  top  of  the  Puy  de  Domme ,  we 
fhalfhave  for  8 1 2  toifes,  the  perpendicular  height 
of  the  Puy  de  Domme ,  above  the  level  of  the  lea, 
determined  by  our  obfervations,  a  diminution  of 
quickfilver  of  4  inches,  9  lines  j.  According  to 
M.  Mariotte* s  rules,  the  height  of  this  moun¬ 
tain  ought  to  be  but  663  toifes  *,  and  at  the 
height  of  812  toifes,  we  ought  to  have  found  5 
inches,  9  lines  diminution  of  quickfilver  ;  that 
is,  1 1  lines  |  more  than  we  have  found  by  the 
experiments.  We  fliall  find  a  Hill  greater  dif¬ 
ference,  if  in  the  room  of  our  obfervations,  w’eufe 
thole  which  M.  de  la  Hire  has  made  at  the  ob¬ 
fervatory,  which  make  the  height  of  the  quick¬ 
filver  above  a  line  lower  than  what  we  have  ob¬ 
ferved.  Here  are  feveral  obfervations,  made  by 
various  perfons  at  different  times,  which  all 
vary  from  the  rules  which  M.  Mariotte  has  efta- 
b’ifhed  for  the  condenlation  of  the  air;  we  fee  alfo 
that  his  rules  cannot  anfwer  exactly  to  experi¬ 
ments,  whereas,  according  to  the  remarks  which 
M.  Maraldi  read  lately  to  the  academy,  there 

is 
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is  but  one  Tingle  obfervation,  which  varies  about 
4  lines  from  the  rule,  which  he  has  laid  down. 

XXI.  An  experiment  on  the  quantity  of  heat 
reflected  to  us  by  the  moon ,  by  M.  de  la 
Hire  jun.  ^  ;  tranjlated  by  Mr.  Cham¬ 
bers. 

5Tis  notorious  that  feveral  perfons  attribute  va¬ 
rious  qualities  to  the  moon,  without  any  reafon 
for  the  fame  founded  on  experiments.  I  fha.ll  not 
here  enter  upon  a  detail  of  thofe  qualities,  as 
having  obferved,  that  mod  of  thofe  who  give 
into  the  practice,  differ  in  their  fentiments,  that 
which  it  fhould  Teem  to  have  the  mod  title  to  is 
heat,  fince  its  light  is  only  that  of  the  fun  re¬ 
flected,  which  every  body  will  allow  mud  occa- 
flon  heat  :  however,  as  no  experiments,  that  I 
know  of,  have  been  made,  either  to  fupport  or 
over-turn  the  reafon  upon  which  this  quality  is 
given  it,  I  made  the  following  one,  with  all  the 
accuracy  I  was  capable  of. 

In  the  month  of  October,  1705,  the  moon  be¬ 
ing  in  the  meridian  on  the  day  of  her  oppofition, 
and  the  fky  very  clear,  I  expofed  the  burning 
concave,  of  35  inches  diameter,  kept  in  the  ob- 
fervatory,  to  her  body,  and  about  the  focus  placed 
the  ball  of  an  air  thermometer  of  M .  Amontons*^ 
which  is  the  mod  accurate  of  any  we  have 
known.  The  whole  being  fo  difpoled,  as  that 
the  ball,  which  is  2  inches  in  diameter,  received 
all  the  rays  gathered  into  the  focus  upon  its  whole 
furface  •,  hereupon  examining  the  height  of  the 
mercury  in  the  tube,  after  it  had  dood  Tome 
time,  I  found  it  nothing  different  from  what  it  was 

*  Nov.  28,  1705. 
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before,  notwithftanding  that  the  rays  were  collec¬ 
ted  into  a  fpace  306  times  lefs  than  they  naturally 
poflefs,  and  confequently  fhould  have  increafed 
the  apparent  heat  of  the  moon  306  times. 

Now,  if  fuch  an  experiment  as  this,  where  the 
rays  of  the  moon  are  not  crowded  into  the  306th 
part  of  their  ufual  room,  but  made  to  crols  and 
interfedt  each  other,  which  muft  considerably  in- 
creafe  their  effect,  as  is  found  by  expofing  the 
fame  concave  to  the  iun,  give  us  no  figns  ot  heat, 
we  may  conclude  it  incapable  of  making  any 
fenfible  imprefiion  upon  us. 
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I.  On  an  irregularity  of  fome  barometers ; 
tranjlated  by  Mr.  Chambers. 

SO  many  feveral  opinions  being  darted  in  the 
academy*  touching  the  phenomenon  of  the 
chancellor’s  barometer,  the  conclufion  was,  that 
new  experiments  fhould  be  made.  M.  Maraldi 
accordingly  had  made  feveral  ;  and  they  all 
feemed  to  confirm  the  fentiment  of  M.  Romberg , 
who  apprehended  that  the  barometer  above-men¬ 
tioned  flood  lower  than  the  reft,  by  reafon,  after 
filling  it  with  mercury,  it  had  been  wafhed  in 
lpirit  of  wine,  fome  particles  of  this  remaining 
in  the  pores  of  the  glafs,  might,  when  the  vacu¬ 
um  was  made,  become  extremely  rarefied,  and 
thus  deprefs  the  mercury,  either  of  themfelves, 
or  by  means  of  the  air  contained  in  them,  and  dif- 
engaged  by  their  rarefatftion. 

The  refult  of  M.  Mar  aid?  s  experiments  is  as 

follows. - After  wafhing  the  infide  of  a  tube 

with  fpirit  of  wine,  and  wiping  it  feveral  times 
with  different  pieces  of  linnen,  the  mercury  ufu- 
ally  (lands  at  a  lefs  height  than  before;  and  in 
different  experiments,  the  difference  of  heights 
varies  from  -}  an  inch  to  an  inch  f . 

Yol.  II.  N°.  21.  Y  y 
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If  the  tube  be  filled  immediately  after  wafhing 
ir,  the  mercury  will  Hand  lower  than  if  the  tube 
had  been  filled  feme  hours  later. 

If  a  tu  e  have  been  wafhed  with  fpirit  of  wine, 
the  mercury  will  (land  lower  in  it,  than  if  the 
fame  tube  had  been  wa/hed  with  brandy  *,  and  if 
it  have  been  wafhed  in  brandy,  the  mercury  will 
Hand  lower,  than  if  it  had  been  wafhed  in  water. 

If  the  tubes  wafhed  with  thefe  leveral  liquors 
be  afterwards  well  wiped,  and  dried,  the  mercury 
will  Hand  at  the  fame  height  as  before  they  were 
wafhed. 

A  tube  wafhed  with  fpirit  of  wine,  will  be 
fufficiently  dried  by  (landing  leveral  days  in  the 
air,  provided  it  be  not  moift. 

Tho*  the  outfide  of  a  tube  be  wafhed,  and 
nibbed  ever  fo  much  with  fpirit  of  wine,  the 
mercury  will  maintain  its  ufual  height. 

In  a  barometer,  which  had  two  cracks  at  its 
upper  end,  the  mercury  did  not  fink  for  two 
months  \  that  is,  it  only  funk  as  in  other  barome¬ 
ters. 

Upon  making  barometers  with  feveral  diffe¬ 
rent  tubes,  none  of  which  appeared  moift,  the 
mercury  flood  at  different  heights  *,  the  great- 
eft  difference  being  of  an  inch  ;  but  upon  dry¬ 
ing  the  tubes  wherein  it  was  leweft,  it  rofe  to  the 
fame  height  as  in  the  reft. 

From  all  this,  it  is  eafy  to  conclude  what  care 
and  precaution  is  to  be  taken  in  making  a  good 

barometer. -  As  to  the  theory,  all  that  can  be 

alledged  is,  either  that  the  little  drops  of  the 
fluid,  wherewith  the  in  fide  of  the  tube  had  been 
moiftened,  became  extremely  rarefied  in  the  va~ 
mum ,  fo  as  to  deprels  the  mercury,  or  that  the 
dr  mclofcd  in  inch  fluid,  dilengaging  itfelf  there¬ 
from 
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From  by  this  rarefaction,  were  the  caufe  of  de- 
prefling  the  fame. 

The  fird  opinion  is  the  lead  probable,  by  rea- 
fon  if  the  fpirit  of  wine  funk  the  mercury  by  its 
own  means,  it  would  fink  it  lei's  than  brandy,  as 
being  lighter  than  brandy  ;  and  brandy,  being 
lighter  than  water,  would  likewife  fink  it  lei's 
than  water,  which  is  contrary  to  experience,  it 
would  follow  therefore,  that,  agreeably  to  the 
fecond  opinion,  there  is  either  more  air  inclofed 
in  lpirit  of  wine,  than  in  brandy  •,  or  that  i; 
difengages  itfelf  more  readily  from  the  former 
than  the  latter  ;  and  the  fame  will  hold  in  the 
oomparifon  of  brandy  with  water. 

But  the  great  difficulty  is  darted  by  M.  Amon- 
tons ,  dill  remains  ;  and  till  this  be  removed, 
the  hypothefis  hitherto  explained,  how  plaufible 
i'oever,  will  only  be  an  hypothefis. 

II.  On  the  declination  of  the  needle ;  tran - 
fluted  by  Mr .  Chambers. 

That  noble  fydem  of  Dr.  Halley  concerning 
the  variation  of  the  load-done,  which  has  been 
laid  down  in  the  hiftory  of  1701  *,  and  verified 
by  the  academy,  in  the  hidory  of  1705,  is 
now  further  confirmed  by  M.  HeUJle^  who,  hav¬ 
ing  an  exa<5t  journal  of  a  voyage  to  Guinea  and 
America ,  made  by  M.  de  Marchais  in  the  year 
1704,  1705,  and  1706,  has  been  at  the  pains 
of  comparing  all  the  obfervations  relating  to  the 
variation,  with  Dr.  Halley’s  chart ;  that  chart 
having  been  made  for  the  year  1700,  the  decli¬ 
nations  are  not  to  be  found  the  fame  in  the  fuc- 
ceeding  years,  as  laid  down  by  him,  but  different 
a  little  therefrom  ;  and  this  more  or  lefs  according 

*  Vol.  I.  Page  245  of  this  abridgment. 
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to  the  length  of  time,  which  diverfity,  provided 
it  agree  with  Dr.  Halley' s  fyftem,  is  a  full  con¬ 
firmation  thereof. 

INow  this  is  what  M.  de  Life  has  found;  the 
curve  line  of  no  variation,  drawn  by  Dr.  Halley 
round  the  globe  of  earth,  only  differs  from  that 
produced  by  M.  Marchais* s  journal,  by  its  being 
about  half  a  degree  more  to  the  well: ward,  as 
accordingly  it  had  always  been  expected  to  find  a 
motion  in  this  line. 

From  this  term,  the  declinations,  obferved  by 
M.  Marchais  do  all  increafe  towards  the  eaft,  and 
diminifh  towards  the  well,  with  regard  to  thofe  in 
Dr.  Halley's  chart  ;  and  the  greatefl  difference, 
which  indeed  only  occurs  once  or  twice,  amounts 
but  to  about  2° —  in  4  or  5  years.  This  is  a  new 
inflance  of  what  had  been  obferved  before,  viz. 
That  the  declination  does  not  vary  equally  and 
uniformly  in  all  parts  of  the  earth. 

III.  Why  a  glafs  vefjel  filled  with  water ,  or 

quickfiher ,  breaks  before  the  fire  in  winter , 

but  not  if  it  is  filled  with  fpirit  of  wine . 

M.  Homberg  fays,  that  a  glafs  veffel  put  before 
the  fire  in  winter  breaks  if  filled  with  water,  and 
more  eafily  if  filled  with  quickfilver  *,  but  not  at 
all  if  filled  with  fpirit  of  wine.  The  reafon  of 
which  he  imagines  is,  that  the  matter  of  light 
paffing  with  difficulty  through  water  or  quick¬ 
filver,  and  confequently  partly  flopped  by  this 
obflacle,  gathers  into  the  pores  of  the  glafs  in  too 
great  a  quantity,  where  the  fire  continually  drives 
it,  and  dilating  thefe  pores  too  much,  forces  the 
Ipring  of  the  glafs,  and  thereby  breaks  it;  where¬ 
as  had  it  met  with  fpirit  of  wine  in  the  fame  vef- 
fcl,  which  is  more  homogeneous  to  it,  and  which 
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it  eafily  penetrates,  it  would  not  have  had  occa- 
fion  to  exercife  this  violence.  The  experiment 
muft  be  made  in  winter,  becaufe  the  veflels  which 
then  pafs  from  a  cold  air  to  great  heat,  are  more 
difpofed  to  break  *,  but  the  fire  muft  not  be  fo 
great,  or  they  fo  near  it,  as  to  break  on  this  ac¬ 
count  alone.  M.  Romberg ,  much  in  the  fame 
manner  explains,  why  an  empty  vefiel,  unftop- 
ped,  being  fuddenly  v/armed  before  the  fire, 
commonly  breaks  if  it  is  thick  ;  but  not  if  it  is 
thin.  The  thicknefs  makes  the  matter  of  light 
dilate  the  pores  of  the  furface  towards  the  fire, 
much  more  than  the  inward  furface ;  and  from 
this  inequality  of  dilatation,  all  the  refi  evidently 
follows. 

IV.  Of fome  dogs  almofi  farmed  to  death . 

A  Danifh  bitch,  ready  to  whelp,  having  been 
forgot,  and  finut  up  in  a  chamber  of  a  country- 
houfe  at  the  family’s  returning  to  Paris ,  was, 
at  the  end  of  41  days,  found  alive,  lying  on  a 
bed,  but  could  not  ftand,  and  without  any  figns 
of  madnefs.  No  remains  of  its  puppies,  or  ex¬ 
crements,  were  to  be  feen,  fhe  muft  have  fed  on 
thofe,  and  poflibly  on  her  milk  alfo,  and  even  on 
part  of  the  dimity  of  a  quilt,  which  fhe  had  torn, 
and  of  the  wool  in  it,  which  fhe  had  tumbled 
about.  Food  was  given  her,  and  fhe  began  to 
recover  from  her  extreme  weaknefs,  when  M. 
I*  Abbe  Galois  related  this  hiltory. 

On  this  occafion,  M.  du  Hamel  mentioned  ano¬ 
ther  bitch,  which  was  6  weeks  without  eating,  ex¬ 
cept  theftraw  of  a  chair,  which  was  in  the  place 
where  fhe  was  confined  *,  file  had  alfo  drank  fome 
water,  and  lived  very  long  after. 
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V.  Of  a  man  continuing  fifteen  days  alive 

under  the  ground . 

M.  Maraldi  alfo  relates  on  this  fubjeft,  that 
in  an  earthquake  at  Naples ,  a  young  man  con¬ 
tinued  1 5  whole  days  under  fome  ruins,  and  was 
not  ftarved  to  death. 

VI.  Of  an  extraordinary  jlone  brought  from 

Germany. 

M.  Geoffroy  fhewed  a  ftone  brought  from  Ger¬ 
many ,  he  knows  not  from  what  part  thereof.  It 
is  marbled,  very  foft  to  the  touch,  and  in  a  manner 
fat  and  faponaceous.  It  is  like  foft  marble,  or 
petrified  loap.  It  was  thought  to  be  a  dry,  har¬ 
dened,  flimy  earth.  M.  Homberg  fays,  its  nature 
confifls  in  having  a  finer  grain  than  marble,  tho* 
it  weighs  lefs,  having  greater  pores.  He  adds, 
as  a  proof  of  the  finenefs  of  its  grain,  that  being 
pounded  and  diflblved  in  water,  it  thickens  it, 
which  marble  does  not.  Its  effects  are  very  near  the 
fame  as  foap.  M.  de  la  Hire  fays,  that  at  Mont - 
marine  there  is  fuch  a  ftone  among  the  banks  of 
fand. 

1 

VII.  Of  an  accidental  mixture  of  drugs , 
which  produced  a  fin  ell  of  musk . 

M.  Lemery  having  bought  of  a  druggift  half  a 
pound  of  galbanum^  as  much  fagapenam,  as  much 
bitumen  judaicum ,  and  4  ounces  of  opopanax , 
put  all  thefe  drugs  in  his  pocket,  each  wrapped 
up  feparately  in  little  bags,  except  the  J agape- 
num  and  opopanax ,  which  were  together,  he  was 
3  much 
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much  furprifed,  when  he  returned  home,  that 
every  body  thought  he  fmelt  of  mufk;  for  every 
one  of  thefe  drugs  feparate  has  a  flunking  and 
very  penetrating  fmell,  except  the  bitumen  judai- 
cum ,  which,  however,  has  no  fmell  like  mufk ; 
and  thefe  very  drugs  are  made  ufe  of  in  medi¬ 
cines  againft  the  vapours,  a  difeafe  which  may  be 
occalioned  by  mufk,  and  fuch  like  fmells.  He 
examined  all  the  bags  after  one  another;  they 
were  all  new,  none  had  been  ufed  to  wrap  up 
mufk,  or  frnelled  of  it,  but  only  of  the  drug 
which  had  been  put  therein.  He  brought  them 
all  near  one  another  again,  and  they  produced  a 
fmell  of  musk.  M.  Letnery* s  cloaths  were  pretty 
flrongly  perfumed  with  it,  which  lafted  till  next 
day. 

VIII.  Of  the  formica-vulpes. 

< 

M.  Poupart  hath  in  the  memoirs  of  1704*, 
given  the  hiflory  of  th t  formic  a-leo,  we  prefup- 
pofe  this  for  the  underftanding  of  what  follows. 
A  friend  of  M.  Carre’s,  feeking  for  thefe  infedts 
in  the  country,  found  many  of  thofe  holes  which 
they  fo  cuuningly  make  ;  but  moft  of  them  with¬ 
out  a  formic a-leo ,  which  made  him  think,  they 
had  been  a  prey  to  fome  animal,  who  were 
greater  lions  than  they.  He  was  foon  undeceived, 
obferving  at  the  bottom  of  thefe  holes  little 
worms,  of  about  6  lines  long,  and  \  a  line  broad. 
Fie  took  fome  of  them  and  put  them  in  find, 
where  he  faw  them  make  their  holes  in  the  man¬ 
ner  of  the formic  a-leo.  Fie  gave  them  ants,  which 
the  formic  a-leo  fo  much  loves,  and  they  greedily 
feized  them,  covering  them  with  half  their  body, 
for  the  other  part  remains  buried  in  the  fand.  As 
they  have  not  fo  much  ftrength  as  th  z  formic  a-leo  ^ 

*  Page  161  of  this  volume. 
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their  prey  often  efcapes  from  them,  and  to  reco¬ 
ver  it,  they  make  ufe  of  the  fame  « ftratagem, 
they  build  their  pit  more  Hoping,  which  makes 
the  animal  fall  back.  The  formica-lco  likes  them 
very  well  when  they  are  given  to  him  •,  but  this 
is  no  wonder,  for  they  like  to  eat  one  another. 
Thefe  worms  change  into  an  infedl,  very  like  a 
gnat,  except  that  it  is  longer  and  thicker.  The 
obferver  calls  them,  formica-vulpes ,  to  diftin- 
guifh  them  from  the  formica  leo ,  and  defcribe 
their  cunning. 

IX.  On  the  cryjlalline  humour  of  a  ferp ait's 

eye . 

The  fame  friend  of  M.  Carre’s  examining  the 
cryftalline  of  a  ferpent’s  eye,  which  was  a  line  in  dia¬ 
meter,  found  it,  even  with  the  microfcope,  to 
be  perfectly  fpherical.  As  it  refembles  a  blown 
lens,  he  had  a  mind  to  view  objeCts  through  it, 
and  found  that  it  magnified  them  exceedingly, 
full  as  much  as  fuch  a  lens  of  glafs  would  have 
done,  but  it  was  not  fo  tranfparent  *,  probably 
by  reafon  of  the  membrane  which  covers  the 
cryftalline.  Hence  it  is  certain,  that  thefe  ani¬ 
mals  muft  fee  objeCts  incomparably  greater  than 
we  fee  them. 

X;  Of  a  <w crm ,  which  fee  ms  to  have  two 

heads . 

The  fame  obferver  of  nature  met  by  chance  a 
worm,  2  inches  long,  and  1  line  broad,  and  ~ 
thick,  of  a  pretty  deep  yellow,  like  ear  wigs, 
and  80  legs  on  each  fide.  The  head  and  tail 
differ  lo  little  in  their  figure,  that  it  cannot  be 
conjectured,  which  of  the  two  extremities  is  the 

head. 
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head.  Nor  can  it  be  diftinguifhed  by  the  animal’s 
walking  for  if  we  flop  it,  it  does  not  turn  on 
one  fide  like  others,  but  returns  fhort  upon  its 
fieps,  going  backwards  •,  fo  that  the  part,  which 
in  its  firft  motion  was  behind,  becomes  foremofl 
in  the  fecond,  and  thefe  two  motions  are  with 
equal  facility.  Perhaps,  this  infedt  hath  two 
heads,  and  two  brains,  as  others  have  many  lungs. 
However,  its  extremities  terminate  in  a  point, 
with  two  little  horns,  like  to  its  legs,  and  about 
1  line  long.  It  is  lprightly  and  very  nimble ; 
and  the  order  with  which  it  fucceffively  moves 
its  160  legs  is  admirable. 

The  philofopher,  who  obferved  it,  cut  it  in 
two  equal  parts,  each  of  which  confequently  had 
80  legs,  they  both  walked  as  nimbly  as  the  whole 
animal  ;  they  endeavoured  to  hide  themfelves 
in  fome  hole,  and  the  obferver  having  put  water 
in  their  way,  each  of  them  went  a  little  into  it, 
but  foon  got  out  again.  He  again  cut  each  part 
in  two,  and  (till  all  four  walked,  but  more 
flowly  ;  it  often  made  contorfions,  like  the  tails 
of  ferpents  when  they  are  cut  off.  Thefeparated 
parts  did  not  endeavour  to  join  *,  when  they 
were  put  together,  they  (tuck  a  little  by  means 
of  a  vifcous  juice  which  iffued  from  their  woqnds, 
but  they  did  not  agree  in  their  motion, 

XI.  Of  an  infeSt fijh. 

This  philofopher  has  alfo  found  an  infeft  fifh, 
which  transforms  into  an  adder-bolt.  When  it 
is  in  the  water,  it  is  near  2  inches  long,  of  which 
the  tail  is  two  thirds,  and  is  4  lines  broad  in 
the  middle,  terminating  in  a  point.  It  is  flat 
underneath,  and  round  above.  In  the  other 
third  of  this  animal’s  length,  is  its  head  and  fix 
legs.  The  adder-bolt,  which  comes  out  of  it,  is 
Vol.  II.  N°.  21.  Zz  ons 
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one  of  thofe  which  By  about  Banding  waters, 
where  they  lay  their  eggs.  Here  is  ap  animal, 
which  from  a  fifh,  becomes  a  bird,  different  in 
all  likelihood  from  thofe  mentioned  by  M.  Pou- 
fart  in  the  memoirs  of  1704*  ;  perhaps,  by  much 
obfervation,  it  may  be  found,  that  this  change 
of  habitation  and  of  element  is  pretty  common. 

XII.  Of  Jome  extraneous  fojjih  found  in 

Germany. 


What  has  been  related  in  the  hiflory  of  1  703+, 
of  Bones  taken  out  of  the  Veronefey  which  in- 
clofed  plants  and  dry  fifhes,  was  confirmed  by 
M.  Leibnitz.  He  fays,  that  in  the  country  of 
Brunfwick  near  Ofteroda ,  in  the  county  of  Manf- 
field  near  E'jlebe ,  and  in  many  other  parts  of 
Germany ,  veins  of  Bate  are  found  very  near  ho¬ 
rizontal,  whereon  are  very  exadt  and  compleat 
reprefentations  of  ma/iy  forts  of  fifhes  or  plants, 
which  appear  of  their  natural  length  and  breadth, 
but  without  any  thicknefs.  Thefe  lines  are  often 
defcribed  on  a  mixture  of  copper,  which  alfo 
contains  filver.  Some  of  thefe  plants  are  not  now 
known  in  thofe  countries  ;  but  they  may  be  found 
among  the  figures  of  Indian  plants. 

M.  Leibnitz  conceives,  that  a  kind  of  earth 
has  covered  lakes  and  meadows,  and  buried  there¬ 
in  fifhes  and  plants  ;  or  that  fome  muddy  water, 
filled  with  earth,  has  covered  them,  or  carried 
then)  away.  This  earth  has  fince  hardened  into 
Bate,  and  the  length  of  time,  or  fome  other 
caqfe,  has  defiroyed  the  delicate  fubftance  of  the 
fifh  or  plant,  near  in  the  fame  manner  as  the  bor 
dies  cf  flies,  or  ants,  which  are  inclofed  in  y el- 
low  amber,  have  been  wafied,  whereof  nothing 
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palpable  remains,  but  fimple  delineations  only. 
The  matter  of  the  fifh  or  of  the  plant  being  con- 
fumed,  has  left  its  form  impreffed  on  the  Hate, 
by  means  of  the  cavity  which  remained  therein  ; 
and  this  cavity  was  at  laft  filled  up  with  a  metal¬ 
lic  matter,  whether  a  fubterranous  fire  baking  the 
earth  into  a  (late,  has  expelled  the  metal  that  was 
mi)Ted  with  it,  or  that  a  metallic  vapour  penetra¬ 
ting  the  flate,  has  fixed  itfelf  in  thefe  cavities.  M. 
Leibnitz  adds,  that  this  effect  may  be  imitated 
by  a  pretty  curious  operation.  Take  a  fpider,  or 
any  other  fuch-like  animal,  and  wrap  it  up  in 
clay,  leaving  a  hole  open  from  the  outfide  into 
the  cavity.  Put  the  mafs  into  the  fire  to  harden 
it;  the  fubflance  of  the  animal  will  be  reduced 
to  allies,  which  may  be  walked  out  by  fome  li¬ 
quor.  After  which  pour  into  the  hole  melted 
filver,  which  being  cold,  within  the  mafs  will 
be  found  the  figure  of  the  animal,-  Well  enough  re- 
prefented  in  filver. 

Many  authors  have  called  thefe  forts  of  repre- 
fentations  of  fifhes,  or  of  plants  in  (tones,  [ports 
cf  nature ,  but  that  is  only  a  meer  poetick  idea, 
which  does  not  fuit  with  fuch  a  philofopher  as  M. 
Leibnitz .  If  nature  fported,  it  would  be  with 
%more  freedom  ;  fhe  would  not  confine  herfelf  to 
exprefs  fo  exa&ly  the  fmalleft  features  of  the 
original ;  and  what  is  more  remarkable,  preferve 
fuch  true  dimenfions.  When  this  exadtnefs  is  not 
found,  it  may  be  fport  j  that  is,  difpofitions 
which  are  in  fome  fort  accidental.  It  is  true, 
that  a  reprefentation  of  an  Indian  plant  in  a  Ger¬ 
man  fton«,  feems  at  firft  contrary  to  the  fyftem  of 
M.  Leibnitz .  But  that  the  plant  reprefented  fhould 
be  found  in  the  Indies ,  favours  much  the  opinion, 
that  there  is  no  wantonnefs  therein.  It  is  eafy 
to  imagine  many  accidents,  whereby  a  plant  may 

Z  z  2  have 
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have  been  brought  from  the  Indies  into  Germany * 
even  in  thofe  times  when  there  was  no  com¬ 
merce  between  thefe  countries  by  navigation  ;  and 
it  appears  by  feveral  marks,  that  there  has  been 
great  changes  in  nature  an  the  furface  of  the 
earth.  M.  Leibnitz  thinks  the  fea  once  almoft 
covered  the  whole,  and  that  afterwards  a  great 
part  of  its  waters  made  a  pafTage  into  thofe  hol¬ 
low  abyffes  which  are  within  our  globe.  From 
thence  proceeds  the  fhells  of  the  mountains.  But 
the  whole  of  this  fubjcbl  defer  ves  a  more  ample 
difcufiion. 

XIIL  Of  an  egg  within  an  egg . 

M.  Mery  fhewed  a  hen’s  egg  boiled,  in  the 
white  of  which  was  inclofed  another  little  egg, 
covered  with  its  fhell  and  inward  membrane,  and 
filled  with  a  white  matter,  without  yolk.  As 
this  little  egg  had  been  given  when  boiled  to  M. 
Mery,  he  could  not  obferve  whether  it  had  a 
fperm. 

XIV .  Of  the  Jlamach  of  a  dog  found  in  the 

thorax . 

M.  Lit  Ire  diffecling  a  dog,  was  much  fur- 
prized  to  find  his  flomach  in  the  thorax,  and 
placed  above  the  diaphragm.  Inflead  of  the  hole 
through  which  the  cefophagus  crolTes  the  dia¬ 
phragm  to  go  into  the  flomach,  there  was  a 
great  fififure,  the  lips  of  which  were  cicatrized, 
and  leemed  to  have  been  a  long  time  fo,  and  in- 
flead  of  the  cefophagus ,  the  gut  duodenum  went 
through  this  hole.  As  it  is  always  fattened  to  the 
inferior  orifice  of  the  flomach,  it  followed  it  into 
the  cavity  of  the  thorax,  which  it  could  not  do, 

without 
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Without  being  ftretched  and  flatted.  M.  Littre 
would  fee  whether  the  ftomach  could  pafs  thro* 
tht  fiflure  in  the  diaphragm,  but  it  was  too  little  ; 
and  after  he  had  made  an  incifion  therein,  the 
ftomach  fell  into  its  natural  place,  and  the  cefopha- 
gus  was  long  enough  not  to  hinder  it,  which 
fhews  that  the  ftomach  had  at  firft  been  in  its 
right  fituation,  but  fome  violent  accident  had  re¬ 
moved  it  by  a  rent  or  flit  in  the  diaphragm, 
which  afterwards  fhrunk  when  it  cicatrized. 

But  what  could  this  accident  be  ?  M.  Littre 
guefles  two,  either  an  extraordinary  convulfion  of 
the  csfophagus ,  which  by  contracting  had  drawn 
the  ftomach  towards  it  ;  or  an  extreme  contrac¬ 
tion  of  the  diaphragm,  and  at  the  fame  time 
of  the  mufcles  of  the  belly;  for  thefe  forces  be¬ 
ing  oppofite,  the  ftomach,  thruft  downward  by 
the  diaphragm,  and  upward  by  the  mufcles  of  the 
beliy,  muff  go  upward,  even  tearing  the  dia¬ 
phragm,  whofe  refiftance  is  naturally  lefs  than 
the  force  of  the  mufcles,  which  aCt  againft  it.  It 
may  alfo  be  fuppofed,  that  this  ftomach  was  then 
full  of  lolid  food,  which  muft  have  added  ftrength 
to  its  acftion  againft  the  diaphragm. 

However,  this  ftomach  being  now  not  placed 
between  the  diaphragm  and  the  mufcles  of  the 
belly,  thefe  mufcles  could  no  longer,  as  ufual, 
concur  with  it  by  their  contraction  in  pounding 
the  food,  and  driving  it  into  the  guts.  They 
muft  therefore  remain  too  long  in  the  ftomach, 
and  thereby  contract  fome  vice.  Befldes  the  duo¬ 
denum  being  ftretched  and  flatted,  did  not  give  a 
paflfage  free  enough  to  the  digefted  food.  In 
lhort,  the  heart  and  lungs  were  much  difordered 
in  their  motion  by  this  ftomach,  which  took  up 
its  lodging  in  the  thorax .  From  all  which  it 
may  be  eafily  concluded,  was  it  no  other  wife 
2  known ; 
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known  ;  that  the  animal  breathed  with  difficulty* 
and  palpitation  of  heart  $  that  the  more  he  ear* 
the  greater  muft  be  his  uneafmefs  that  he  mtflt 
frequently  have  ineffectual  inclinations  to  vomit, 
and  be  always  very  lean. 

XV.  Some  inventions  of  M.  Dalefme. 

We  have  barely  mentioned  in  the  hiftofy  of 
1705,  that  M.  Dalefme  had  given  a  very  plain 
way  to  facilitate  and  augment  the  aftion  of  thofe 
who  tow  great  boats.  It  is  to  hang  along  a  ri¬ 
ver’s  fide  a  rope,  which  the  men  may  take  in 
their  hands  as  they  tow  the  boat  i  he  has  found 
experimentally  that  with  this  affiftance,  they  have 
almoft  half  as  little  trouble  ;  but  the  trial  was 
made  only  in  a  little  way,  it  is  likely,  that  in  a 
longer,  they  would  be  more  tired  with  ufing  the 
rope,  than  in  towing  after  the  ufual  manner,  their 
arms  being  in  adlion  as  well  as  their  legs  and 
feet.  The  remedy  for  which  would  be  to  make 
tife  of  the  rope  only  in  difficult  places,  and  then 
let  their  arms  reft. 

Here  are  two  other  thoughts  alfo  propofed  by 
M.  Dalefme. 

1.  To  melt  leaden  pipes  for  the  conveyance  of 
water  without  folder,  and  at  one  attempt,  and 
then  to  pafs  them  through  a  drawing-iron  with  a 
mandrel  in  the  pipe.  There  are  two  forts  of 
common  pipes  ;  the  one  made  of  ffieet-lead  rolled 
into  a  tube,  and  afterwards  foldered  •,  this  folder- 
ing  is  often  faulty  and  leaks :  the  other  fort  are 
melted  and  run,  but  at  feveral  attempts,  the 
molds  being  not  long  enough  to  make  them  at 
once,  therefore  they  are  foldered  together  by 
melting  ,  but  this  cannot  be  done  fo  perfectly, 
but  that  many  little  holes  remain,  and  therefore  the 

metal 
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metal  is  beat  with  a  hammer.  But  pipes,  which 
are  caft  in  M.  Delafme* s  manner,  will  not  have 
the  inconvenience  of  the  firft,  which  require  to 
be  foldered  their  whole  length  and  if  they  hap¬ 
pen  to  have  holes,  or  pores,  they  will  clofe  bet¬ 
ter  than  in  the  fecond  fort ;  for  the  drawing-iron 
forcing  and  fqueezing  the  metal,  if  I  may  ufc 
that  expreffion,  will  bind  it  much  tighter,  and 
more  equally  than  the  hammer.  Milled  metals 
are  more  ftrong,  and  lefs  porous  than  thofe  which 
are  only  caft,  and  drawing  them  through  the 
iron,  is  better  than  milling  them. 

2.  To  fallen  to  great  fhips  with  a  fort  of  pitch 
or  cement,  which  ferves  to  careen  them,  fheets 
of  lead,  at  firft  caft  thick,  and  afterwards  milled 
thin,  which  is  confequently  very  folid,  and  has 
but  few  pores.  Ships  would  hereby  be  fecured 
againft  worms,  which  in  hot  climates  eat  and 
deftroy  them.  The  lead  would  be  4  or  5  times 
iefs  expence  than  the  double  planks  with  which 
they  are  ufually  fheathed  ;  nor  will  it  loofen  from 
the  yeffel,  till  the  cement  comes  off. 
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ABRIDGMENT 

OF  THE 

Philosophical  Memoirs  of  the  Royac 
Academy  of  Sciences  at  Paris ,  for 
the  Year  1706. 


I.  Obfervations  on  the  quantity  of  rain-wa¬ 
ter,  which  fell  at  the  obfervatory  during 
the  year  1705,  and  on  the  height  of  the 
thermometer  and  barometer ,  by  M.  de  la 
Hire*.. 


I  Made  obfervations  on  the  quantity  of  rain-water 
which  fell  at  the  obfervatory  throughout  the 
year  1 705,  in  the  fame  manner  as  on  the  pre- 
ceeding  years.  I  found  the  height  of  rain-water 
in  the  month  of 


Jan. 

Lines. 
5  4 

Feb. 

8 

Mar. 

7  8 

Apr. 

23  8 

May 

4  * 

June 

J5  i 

Lines 


July 

2  4 

Aug. 

J9 

Sept. 

16  | 

Oftob. 

27  1 

Nov. 

i3  t 

Dec. 

23  T 

The  quantity  of  water  in  height  has  therefore 
been  this  year  166  lines  or  13  inches,  10  lines 
which  is  not  much  more  than  two  thirds  of 
what  commonly  falls  *,  which,  by  the  companion 
for  many  years,  I  have  efteemed  to  be  19  inches. 
{  have  not  met  with  fo  great  a  drought  as  this, 
during  the  many  years  I  have  made  thefe  obfer- 
*  June*  9,  1706. 
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vations :  yet  has  the  harveft  been  plentiful  enough, 
which  may  be  attributed  to  the  great  rains  in  the 
month  of  April,  which  fufficiently  fupplied  the 
earth  with  moifture  againft  the  following  drought. 

The  three  fummer  months,  which  commonly 
furnifh  as  much  water  as  all  the  refb  of  the  year, 
by  reafon  of  ftorms  and  pouring  rains,  gave  but 
37  lines  4,  and  July  furnifhed  but  3  lines.  Nor 
was  it  the  great  rains  of  this  feafon,  which  con¬ 
tributed  to  the  fruitfulnefs  of  the  earth  •,  for  they 
rife  again  in  vapours  almoft  as  foon  as  they  fail, 
and  part  of  them  run  off  without  penetrating 
deep. 

The  winds  were  in  January  very  changeable. 
All  the  beginning  of  February  they  were  eafterly, 
fometimes  inclining  to  the  N.  and  fometimes  to 
the  S.  and  at  the  end  towards  the  W.  In  Marchy 
the  wind  was  almoft  always  at  the  E.  fometimes 
paffing  to  the  N.  and  fometimes  to  the  S.  In 
April ,  the  governing  wind  was  about  S.  W.  In 
May ,  the  wind  reigned  in  the  N.  fometimes 
varying  towards  the  W.  In  the  firft  half  of 
June ,  the  wind  was  as  in  May ,  and  without  rain  ; 
but  the  1 4th,  it  began  to  rain  till  the  17th  with  a  Nt 
wind  afterwards  N.W.  and  S.W.  and  there  fell  1 1 
lines  of  water,  and  the  2  2d,  4  lines,  with  a  little 
ftorm  :  the  reft  of  the  month,  the  wind  was  N. 
and  N.  E.  In  July,  the  governing  wind  was 
N.  and  in  this  month  there  was  very  little  rain. 
In  Augufi,  the  wind  was  almoft  always  W.  and 
S.  W.  In  September,  the  governing  wind  was 
W.  varying  a  little  to  the  S.  and  N.  In  October , 
the  wind  was  often  N.  inclining  fometimes  to  the 
E.  and  to  the  W.  In  the  firft  half  of  November , 
the  wind  was  N.  and  N.  E.  and  in  the  other 
half  S.  W.  and  N.  W.  In  December ,  the  20- 
verning  wind  was  very  high  at  S,  and  S.  W. 
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with  very  great  violence,  and  a  fort  of  hurricanes 
rifing  two  or  three  times.  The  3d  of  this  month 
in  the  evening,  the  wind  was  very  high  in  the  S. 
with  thunder ;  which,  in  this  country,  feldom 
happens  in  the  winter. 

There  has  been  no  fnow  this  year. 

The  thermometer  with  fpirit  of  wine  fealed 
hermetically,  which  I  make  ufe  of  to  meafure 
the  cold  and  heat,  indicated,  that  the  cold  in  the 
beginning  of  the  year  was  not  confiderable,  for 
this  thermometer  fell  only  to  the  25th  degree 
February  2,  and  to  30  degrees  November  13,  when 
it  froze  pretty  hard,  and  immediately  it  rofe  again 
to  40  degrees.  It  always  begins  to  freeze  in  the 
country,  when  it  is  fallen  to  32.  Its  mean  date, 
as  it  is  in  the  bottom  of  the  caves  of  the  obfer- 
vatory,  is  48  degrees.  Thefe  caves  are  i4toifes 
under  ground,  and  very  near  the  level  of  the  ri¬ 
ver,  when  it  is  at  a  mean  height.  In  the  morn¬ 
ing,  at  the  fun-rifing,  the  greated  height  of  the 
thermometer  was  at  65  degrees  j,  Aug .  18  ; 
but  near  3  in  the  afternoon,  when  the  air  of  the 
day  was  hotted,  the  thermometer  rofe  at  the  end 
of  July,  and  the  beginning  of  Auguft ,  to  75  de¬ 
grees  ;  and  Auguft  6,  it  was  at  80  degrees,  tho’ 
it  is  fhaded  and  expofed  to  the  air  in  the  open 
tower  of  the  obfervatory,  which  fhewed  an  ex- 
cellive  heat  ;  and  I  queftion,  whether  it  has  ever 
been  greater  in  this  country.  And  mod  of  the 
thermometers  with  fpirit  of  wine  broke,  the  li¬ 
quor  contained  therein  having  not  had  room  e* 
nough  to  rife  in  the  top  of  the  tube,  which  did 
not  happen  to  mine,  having  made  it  very  long, 
that  I  might  expofe  it  to  the  fun. 

It  ought  to  be  oblerved,  that  the  greated  heat 
of  the  afternoon  does  not  always  anfwer  to  that  in 
the  morning,  through  feveral  p  articular  reafons.  . 
3  By 


Royal  Academy  of  Sciences.  365 

By  thefe  obfervations,  it  is  alfo  feen,  that  the 
heat  has  this  year  been  in  a  greater  proportion 
than  the  cold  ;  for  the  thermometer  exceeded  its 
mean  date  in  the  heat  32  degrees,  and  in  the  cold 
it  fell  below  it  only  23  degrees. 

Thefe  are  the  observations  on  the  weight  of  the 
air,  which  the  barometer  has  fhewn  us.  In  that 
which  I  commonly  make  ufe  of,  which  is  one  of 
thofe  called  dm  pie,  and  is  always  placed  at  the 
height  of  the  great  hall  of  the  obfervatory,  the 
quickfilver  rofe  highed  to  28  inches,  3  lines  f 
Feb .  28,  with  a  fmall  N.  N.  E.  wind,  and  it  fell 
at  lowed  to  26  inches,  7  lines  £  Dec.  20,  with  a 
W.  S.  W.  wind  •,  thus  the  difference  of  a  height 
between  the  lowed  and  highed  was  1  inch,  7  lines 
■f,  much  as  ufual. 

The  great  elevation  of  the  quickfilver  in  the 
tube  of  the  barometer  feems  commonly  to  be 
only  when  the  wind  is  northward  ;  and  on  the 
contrary, it  almod  always  falls  lowed  when  the  wind 
is  foutherly,  and  when  it  is  violent  and  tempef- 
tuous  ;  yet  theie  are  particular  caufes  which  may 
make  the  air  heavier  or  lighter,  tho9  the  wind  is 
neither  northward  or  fouthward.  Therefore  the 
obfervations  of  the  barometer  are  not  to  be  too 
much  depended  upon  concerning  what  the  wea¬ 
ther  will  be. 

I  fhall  here  obferve  by  the  way,  that  there  are 
fome  barometers  in  which  the  quickfilver  rifes 
much  higher  than  in  others,  at  the  lame  time 
and  at  the  fame  place,  though  they  are  made 
with  great  care.  In  that  which  I  commonly 
make  ufe  of,  the  obfervations  which  I  have  now 
related,  the  quickfilver  is  always  3  lines  ~  lower 
than  in  another  of  mine,  which  is  that  wherein 
the  light  was  firfb  obferved  in  the  vacuum  at  the 
top  of  the  tube,  by  agitating  the  quickfilver, 

A  a  a  2  though 
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though  in  the  other  there  appears  to  be  feme  alfo. 
But  if  in  the  thermometer,  wherein  the  quick- 
filver  does  not  rife  fo  high,  the  grofs  air  has  not 
been  fo  exadlly  evacuated  as  in  the  other,  by 
reafon  perhaps  of  the  great  length  of  its  tube,  it 
will  follow,  that  it  is  not  neceflary  that  the  quick  - 
filver  fhould  be  exa&ly  cleanfed  from  air  to  make 
the  light  appear  in  the  vacuum .  In  fhort,  after 
all  the  experiments  we  have  made  on  barome¬ 
ters  with  different  quickfilver  in  the  fame  tube, 
and  different  tubes  with  the  fame  quickfilver,  it 
feems  neceflary  to  believe,  that  the  different 
heights  of  the  quickfilver  in  the  tubes  of  barome¬ 
ters,  proceed  only  from  the  nature  of  the  glals, 
whole  pores  are  not  equally  clofe,  and  that  the 
sir  is  not  only  compofed  of  two  different  mat¬ 
ters,  one  of  which  is  altogether  grofs,  and  the 
other  fubtile  *,  but  that  the  particles  of  the  g’ofs 
matter  differing  in  their  fize,  even  till  they  be¬ 
come  fubtile,  the  pores  of  fome  glafles  fuffers 
this  lefs  grofs  matter  to  pafs,  which  by  its  weight 
makes  the  quickfilver  in  the  tube  fall  a  little. 
This  hypothefis  feems  confirmed  by  one  of  the  lafl 
experiments,  made  by  M.  Amontons  at  the  aca¬ 
demy,  with  the  barrel  of  a  gun  well  foidered  at 
one  end,  inflead  of  a  glafs  tube,  wherein  it  was 
obferved,  that  the  quickfilver  flood  much  lower 
than  in  a  common  glafs,  perhaps  becaufe  the 
pores  of  iron  are  much  greater  that  thofe  of 

g,af;. 

I  obferved  the  declination  of  the  needle  90  35  / 
towards  the  W.  the  lafl  day  of  Dec.  1705,  with 
the  fame  needle  and  in  the  fame  place,  where 
I  have  obferved  it  niany  years,  and  with  the  fame 
circumftances,  as  I  have  related  in  other  me¬ 
moirs. 
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II.  Obfervations  on  the  rain  and  wind ,  made 
in  the  year  1705,  at  the  cafile  of  Pont- 
briand  ^fituated  two  leagues  from  St.  Malo 
in  Bretagne 

The  obfervations  on  the  rain  and  wind,  made 
at  the  caftle  of  Pontbriand ,  two  leagues  from  S. 
Malo  in  Bretagne ,  may  be  feen  in  the  memoirs 
of  the  year  1 704. 

This  is  the  continuation  of  thefe  obfervations, 
made  by  M.  Pontbriand  with  great  exadtnefs  in 
the  fame  place  during  the  year  1705,  fent  by 
him  to  M.  du  Torar  of  the  royal  academy  of 
fciences,  in  order  to  be  communicated  to  the  aca¬ 
demy,  and  compared  with  the  obfervations  made 
at  Paris ,  by  M.  de  la  Hire. 

JANUARY. 

»  k 

Days.  Rain-water.  Winds. 

Lines. 

3  -  2  - -  North  N.E. 

10 

1 1 
12 

13 

14 
*7 
*9 

Total  14  lines. 


2  - 

- S.S.E. 

It - 

- ss.w. 

if  - 

-  W.N.W. 

Si 

-  N.N.W. 

if  - 

-  W.N.W. 

It  - 

-  E.N.E. 

0  i  - 

- E.N.E. 

*  Jan.  9,  1706. 
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FEBRUARY. 


Days* 


5 

io 

*3 

H 
1 6 

*7 
1 8 

25 

28 


Rain-water . 
Lines. 


2 


Winds. 


Eaft  S.E. 

N.N.E. 

N.W. 

N.N.W. 

S.S.W. 

S.S.W. 

F..S.E. 

E.N.E. 

E..N.E. 


Total  12  lines. 

v> 


MARCH. 


Days . 

4 

8 

30 

J3 

14 

24 

25 

26 

27 

28 

29 

30 

3 1 


Rain-water. 

Lines. 

—  3*  - 

—  oi  - 

_  1 


of 

It 

If 

3  + 
5 

of 

3f 

of 

of 


Winds. 


-  North- Fait. 

-  S.S.W. 

-  S.S.W. 

-  S.S.W. 

-  S.S.E. 

-  S.E. 

-  S.E. 

-  S.S.W. 

-  S.S.W. 

-  S.S.W. 

-  S.E. 

-  N.E. 

-  N.E. 


Total  23$  lines. 


APRIL 
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APRIL. 


Days.  Rain-water. 

Lines. 


I 

o 

3 

4 

5 

7 

8 

9 

10 

1 1 

12 

15 

16 

*9 

20 

24 

25 


Winds. 


Weft. 

N.W. 

N.W. 

N.W. 

W.N.W. 

w.s.w. 

w.s.w. 

s.s.w. 

s.s.w. 

N.W. 

N.W. 

N.W. 

5.5. W. 
N.E. 

5.5. E. 
N.E. 
N.W. 


Total  26  lines. 


MAY. 


Days.  Rain-water. 


Lines. 

4 

3 

5 

°4 

18 

4 

"  26 

°4 

28 

0; 

Winds. 


Weft. 

N.W. 

N.W. 

S.E. 

N.E. 


.Total  8J-  lines. 


JUNE. 
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Days.  . 

*3  “ 

1 6  - 

*7  - 


Days. 


2 

3 
6 

10 


Days. 

7 

2 1 

23 

24 
27 

3i 


JUNE. 

Rain-water.  Winds. 

Lines. 

—  4i - South-S.W. 

_  0i  -  W.S.W. 

-  2  -  W.S.W. 


Total  7'-  lines. 
JULY. 

Rain-water,  Winds. 

Lines. 

—  oj - North. 

—  1  -  N. 

_  2| - n.w; 

_  0i  -  N.W. 

Total  4^  lines. 
AUGUST. 


Rain-water. 

Lines. 


Winds. 


South-Weft. 

W.S.W. 

S.W. 

N.W. 

E.S.E. 

W.S.W. 


Total  uplines. 


SEP- 
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SEPTEMBER. 


Days.  Rain-water.  Winds. 

Lines. 


3 

-  2* 

4 

5 

- - -  2 

6 

- *  3; 

8 

3 

10  — 

15  — 

- of 

23  — 

3 

North- Weft. 
N.N.W. 

w.s.w. 

w.s.w. 

N.W. 

s.w. 

N.W. 

N.N.W. 


■  .  "J 

Total  18  lines. 


OCTOBER. 


Days. 

6 

1 2 

13 

14 

*5 

1 6 

1 7 

*9 

29 

30 

31 


Rain-water. 


Lines. 


Winds. 


North- Weft. 
N.W. 

N.W. 

N.W. 

S.S.W. 

s.s.w. 

S.S.W. 

s.s.w. 

s.s.w. 

s.s.w. 

N.W. 

N.W. 


1  ■  ■■■'  "  1  1  'I  !*Wg 

Total  3 1 1  lines. 
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NO  VE  MB  E  R. 


Days.  Rain-water, 


Lines. 

2  - 

3 

3 

- 2| 

4 

-  I 

9 

o2r 

15 

- if 

18 

1; 

20  — 

- 1 

21-  - 

22  - 

Of 

25 

-  31 

26  - 

28 

-  of 

29 

5 

30 

4*1 

Winds. 


Eaft. 

N.E. 

N.E. 

N.E. 

E.S.E. 

N.E.' 

N.W. 

s.w. 

N.W. 

N.W. 

N.W. 

N.N.W. 

S.W. 

N.W. 


Total  2  6  lines  {. 
DECEMBER. 


Bays. 


3 

4 

5 

6 

JO 

J3 

14 

15 

16 
*7 


Rain-water. 

Lines. 

—  I  — - 


5 


Bf 

3 

2| 


Winds. 


-  North-Weft.. 

-  N.W. 

-  w.s.w. 

-  N.W. 

-  S.W. 

-  s.w. 

-  s.s.w. 

-  s.s.w. 

-  s.s.w. 

-  N.W. 

-  N.W. 


Royal  Academy  of  Scincees.  373 


Days, 

1  8 

19 

20 

2 1 

22 

24 

25 

26 
29 

*30 

31 


Rain-water . 


Lines. 


ol 
—  2 

5t 

3 

3 

4 

1 

5 
5 


Winds . 


North-Weft. 

W.S.W. 

N.W. 

N.W. 

s.w. 

W.S.W, 

W.S.W. 

W.S.W. 

s.s.w. 

s.s.w, 

s.s.w. 


Total  75  lines. 

Total  quantity  of  the  rain-water,  which  fell 


at  Pontbriand ,  Lines, 

During  the  year  1705.  260 

And  in  the  year  1704.  284 

Difference  1 6 


*  On  the  30th,  there  was  a  violent  temped,  which  made 
great  confufion  in  Bretagne . 


B  b  b  2  IV. 
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III.  Other  obfervations  on  the  rain ,  which  fell 
during  the  year  1705,  at  Lyons,  comma - 
jiicated  to  M.  Caffini  by  F.  Fulchiron,  a 
'jefuit  *. 


Lines . 

Lines . 

Jan. 

7  July 

12i 

Feb. 

27  Aug. 

15 

March 

i8f  Sept. 

6i 

April 

1  of  G6lob. 

4  7i 

May 

23!  Nov. 

14* 

June 

2  6f  Dec. 

Lin. 

In 

•  Sum  total  272!, 

or  22 

In  the  year  1 704  it  rained  1 5  44 

Difference  7  4 

1 

IV.  Obfervations  of  the  barometer  and  ther¬ 
mometer ,  made  at  different  places  during 
the  year  1705,  by  M.  Maraldi  -f*;  t  ran  fated 
by  Mr.  Chambers. 

The  barometer  in  the  weftern  tower  of  the 
obfervatory  was  at  its  greateft  height  on  the  three 
laft  days  of  February ,  when  we  found  it  at  28 
inches,  3  lines  f ,  the  wind  blowing  at  N.  and  N.E. 
its  lead  height  was  26  inches,  8  lines  f,  at  which 
we  found  it  on  the  19th  of  'December ,  the  wind 
blowing  violently  at  fouth  and  fouth-eaft,  with 
rain,  the  difference  therefore  or  play  of  the  baro¬ 
meter  this  year  was  1  inch,  7  lints. 

The  thermometer  made  by  M.  Ament  on  s ,  fi- 
fuate  in  the  weftern  tower  of  the  oblervatory,  was 
found  on  the  2d  and  3d  of  Feb.  at  51°,  11  lines, 

Jsn.  16.  1706.  -j-  The  fame  date. 


which 
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which  was  its  lead  height. - By  the  obfervations 

made  at  Genoa ,  by  the  marquis  Salvago  with  a 
thermometer,  like  ours,  the  fame  3d  of  Feb .  was 
alfothe  time  when  it  was  lowed  at  that  city, being 
there  at 52°,  10  lin.  which  is  almod  a  degree  higher 

than  at  Paris. - By  the  obfervations  made 

at  Lyons ,  the  thermometer  was  alfo  found  at  its 
lowed  pitch  for  this  year  on  the  fame  3d  of  Fe¬ 
bruary. 

At  Paris ,  the  thermometer  was  found  at  its 
highed  pitch  for  this  year  on  the  6th  of  Aug.  when 
it  rofe  to  57’,  3  lines,  the  wind  blowing  at 
fouth-ead.  On  this  day  a  thermometer  of  M, 
Cajfmi ,  which  had  dood  35  years,  burd,  by  rea- 
fon  the  liquor  rofe  all  into  the  tube,  where  want¬ 
ing  room  for  other  rarefaction,  the  glafs  was 
forced  to  give  way. - At  Genoa ,  a  thermo¬ 

meter  of  M.  Amontons  rofe  on  the  2d  and  3d  of 
Auguft  to  its  highed  pitch  for  this  year,  which  was 
56  ,  8  lines,  the  wind  blowing  at  north  ;  fo  that 
the  thermometer  did  not  rife  fo  high  at  Genoa 
this  year  as  at  Paris ,  by  f  a  degree. — At  Lyons , 
the  thermometer  rofe  to  its  date  on  the  8th  of 
Auguft ^  two  days  later  than  at  Paris. — At  Mont¬ 
pellier,  M.  Bon  found  one  of  M.  Amontons  ther¬ 
mometers  rife  to  its  highed  date,  which  was 
58°,  2  lines,  on  the  30th  of  July  *,  fo  that  at  Mont¬ 
pellier,  it  was  almod  a  degree  higher  than  at 
Paris ,  the  vehement  heat  of  this  day  burnt  mod 
of  the  vines  ;  and  it  was  obferved,  that  upon  ex- 
pofing  the  thermometer  28' —  to  the  naked  fun, 
it  rofe  to  its  highed  pitch  podible;  that  is,  to  75 
inches,  which  is  the  degree  laid  down  by  M.  A- 
montons  for  the  heat  of  boiling  water. 
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V.  Remarks  on  the  bivalve  jlsells ,  and  fir (l 
concerning  mufcles ,  £y  M.  Poupart  *3  tran~ 
jilted  by  Mr.  Chambers. 

Mufcles  are  a  kind  of  little  fifhes,  lodged  be¬ 
tween  two  fhells,  which  are  ufually  concave  and 
convex. 

There  are  both  fea  and  river  mufcles  *,  the  latter 
are  divided  into  feveral  fpecies  ;  fome  whereof  we 
fhall  take  occafion  to  confider  hereafter. 

They  all  open,  fhut,  walk,  and  fome  of  them 
float  on  the  water.  They  all  like  wife  creep  half 
out  of  their  fhells,  and  back  again.  Add  that 
all  of  them  fhed  their  milt,  and  breathe,  or  ra¬ 
ther  draw  in  the  water  with  their  gills,  and  hide 
themfelves  in  the  fand  or  mud  alike. 

How  they  open  their  fhells. 

Shell  fillies,  in  all  probability,  were  the  fhfl 
fifhes  that  mankind  knew,  or  bethought  them¬ 
felves  of  eating ;  for  it  was  a  good  while  ere  the 
line,  hook,  net,  and  other  utenfils  of  fifhing 
were  invented.  But  for  the  fhell-kind,  the  lea 
fpontaneoufly  calls  them  afhore  *,  fo  that  nothing 
was  required  of  the  firft  people,  but  to  Hoop  and 
take  them  up.  The  manner,  however,  of  their 
opening  has  not  been  yet  difeovered  *,  tho’  a  very 
able  Dutch  anatomift  has  fought  it  with  great 
pains,  as  appears  in  his  treadle  upon  the  anatomy 
of  the  mufcle.  This  fliews,  that  the  fimpleftand 
lead  intricate  things  are  fometimes  the  moft  dif¬ 
ficult  to  difeover. 

All  the  kinds  of  mufcles,  and  even  all  fhell- 
fifhes  with  a  double  f hell,  have  a  fort  ot  leather 
ligament,  which  binds  the  tv*o  fhells  together  at 
*  Feb.  20,  1706. 

the 
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the  pofterior  and  thicker  part,  called  the  heel 
thereof.  And  ’tis  by  the  fpring  of  this  ligament, 
that  the  fhells  are  opened.  This  ligament  is  the 
more  extraordinary,  as  it  has  two  feemingly  op- 
pofite  effedts,  both  to  keep  the  fhells  clofe  toge¬ 
ther,  and  to  open  them.  The  manner  hereof  is 
as  follows. 

When  the  mufcle,  or  other  fifh,  clofes  its  fhell, 
by  contracting  the  mufcles  thereof,  the  ligament, 
which  is  between  the  edges  of  what  we  call  the 
heel,  becomes  comprefied  of  courfe ;  and  thus 
remains  fo  long  as  the  mufcles  remain  in  a  ftate 
of  contraction.  But  this  ligament,  tho’  very 
hard,  is  yet  fomewhat  fpongeous ;  fo  that  coming 
to  fwell,  upon  a  relaxation  of  the  mufcles,  it 
thrufts  the  two  fhells  afunder,  and  makes  them 
open  a  little. 

Different  kinds  of  fifties  have  different  liga¬ 
ments,  that  of  the  river  mufcle  is  a  kind  of  hinge 
faftened  externally  on  the  edge  of  the  two  fhells, 
and  reaching  outwards.  It  would  not  be  well 
inclofed  between  the  edges  of  the  fhells,  tho* 
fince  in  fuch  as  have  a  ginglimus  to  be  mentioned 
hereafter,  it  would  cover  and  render  it  ufelefs, 
and  in  fuch  as  have  none,  the  edges  are  too  thin 
to  contain  the  whole  ligament. 

The  ligament  of  the  fea -mufcle  differs  from 
the  river-kind,  in  that  it  is  not  faftened  behind 
the  fhells,  but  partly  between  the  edges,  fo  as  none 
of  it  'comes  without,  but  a  little  of  it  hangs  over 
within  the  fhell,  by  reafon  the  edges  are  not 
thick  enough  to  hold  it  all.  To  fupply  in  fome 
meafure  this  defeCt,  it  is  furrounded  with  two 
firings,  ftrongly  faftened  on  the  inner  edges  of  the 
fhell,  whofe  thicknefs  is  increafed  hereby.  Thefe 
firings  are  hard  and  porous,  and  feem  fuper- 
added  to  the  fhell,  and  of  a  different  fubftanceT 
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*tis  probable,  that  the  tracks  graven  in  them  arc 
not  altogether  ufclefs,  tho*  I  have  not  yet  difco- 
vered  what  purpofe  they  may  ferre.  The  office  of 
the  firings  themfelves,  is  to  give  thicknefs  to  the 
edges  of  the  fhell,  and  hereby  enable  them  bet¬ 
ter  to,  comprefs  the  ligament  between  them,  which 
the  bare  edges  of  the  fhell  could  not  do,  as  be¬ 
ing  too  thin,  and  confequently  their  compreffion 
too  weak  to  occafion  a  fpring  fufficient  to  open 

the  mufcle. - The  ligament  that  opens  the 

oyfter’s  fhell  is  very  different  from  that  of  the 
mufcle-kind  ;  it  does  not  enter  at  all  within  the 
cavity  of  the  fhell,  as  that  of  the  fea-mufcle  does ; 
nor  does  it  reach  without  it,  like  that  of  the  ri- 
ver-mufcle,  but  is  inclofed  in  the  heel  between 
the  fhells,  where  there  is  room  enough  to  hold  it. 

It  is  fhaped  like  a  crefcent,  whofe  back  or 
thickeft  part  is  turned  towards  the  cavity  of  the 
fhell,  the  horns  or  flendereft  parts  looking  out¬ 
wards,  and  the  middle  fpace  filled  with  a  fun¬ 
gous  matter.  Hence  the  fhells  finding  moft  re- 
fiflance  in  preffing  upon  the  thickeft  part,  its 
fpring  or  elafticity  muft  be  greateft  on  that  fide 
the  fhells  are  to  open  on.  It  muft  be  added, 
that  this  ligament  does  not  reach  to  the  tip  of  the 
heel,  but  leaves  a  little  vacancy  there,  that  the 
fhells  may  have  a  liberty  to  open. 

The  matter  of  this  ligament  in  oyfters  is  not 
altogether  the  fame  with  that  of  mufcles,  but  more 
coriacious  and  dry.  The  ligament  of  the  fea 
and  river-mufcle  is  very  ftiffand  brittle  \  fo  that 
if  left  a  little  out  of  water,  it  breaks  upon  the 
leaft  opening  or  fhutting  of  the  mufcle.  There 
is  indeed  a  neceffity  for  its  being  dry  ;  for  being 
always  in  water,  it  would  oiherwife  be  fo  foftened, 
as  to  loofe  all  its  fpring,  whereas  now  it  only 
foftens  like  a  ftrong  piece  of  leather,  and  they 
1  eafiiy 
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eafily  bends  or  ftraitens  again,  without  breaking 
when  the  contraction  or  relaxation  of  the  mufcle 
requires  it,  even  the  whole  mufcle  may  be  opened 
without  breaking  the  ligament. 

It  would  be  curious  enough  to  examine  the  fe- 
veral  ligaments  which  open  the  various  forts  of 
fhell-fifhes,  no  doubt  many  things  would  be  found 
therein  very  fingular  and  extraordinary.  This  I 
note  in  favour  of  fuch  as  take  delight  in  unfolding 
the  fmaileft  myfteries  of  nature,  whofe  curiofity 
fhould  always  have  fomething  left  it  to  be  errw 
ployed  upon. 

The  manner  how  mufcles  Jhut. 

All  mufcles  clofe  their  fhells  by  the  contraction 
of  two  large  fibrous  mufcles  fafteped  withinfide 
each  end  of  the  fhells,  which  mufcles  are  too 
well  known  to  need  further  defcription,  I  fhall 
only  add,  that  the  fhells  fhut  fo  clofe,  that  water 
can  hardly  pafs  them  :  the  manner  of  their  {hut¬ 
ting  is  as  follows. 

The  fhells  of  all  mufcles  are  bordered  round 
with  a  kind  of  membrane,  which  may  be  called 
their  epidermis ,  as  being  a  continuation  of  theex- 
terior  Jiratum  of  fuch  fhells.  Thefe  membranes 
fit  fo  clofe  to  each  other,  that  when  moiftened, 
the  fmaileft  drop  of  water  cannot  efcape  from 
the  mufcle,  without  an  expedient  of  this  kind,  it 
had  been  difficult  fo  to  form  the  edges  of  hard 
thin  brittle  fhells,  as  to  render  them  impervious 
to  water. 

Befide  this  membrane  round  the  inner  edge  of 
each  fhell  runs  a  ligament,  which  bearing  one  a- 
gainft  another,  when  the  fhells  are  fhut,  proves 
likewife  an  obftacle  to  the  water’s  efcaping,  and 
even  hinders  the  edges  of  the  fhells  from  break¬ 
ing  by  the  violent  contraction  of  the  mufcles. 
Vol.  II.  N°.  22.  Ccc  Some 
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Some  mufcle-fhells  are  not  only  bound  together 
by  the  contraction  of  their  mufcles,  and  by  the 
fpringy  ligament  above-mentioned,  but  likewife 
by  long  grooves  or  furrows,  which  receive  a  fort 
of  tongues,  or  flips  in  their  whole  length.  At 
the  end  of  thefe  grooves,  immediately  under  the 
heel,  is  a  dented  pin,  which  enters  a  dented  ca¬ 
vity  of  the  other  fhell  ;  on  the  edges  of  which 
cavity  are  two  little  dented  eminences,  which  are 
likewife  received  in  two  little  dented  cavities  of 
the  other  fhell,  the  dentile  of  the  epiphyfis  and 
cavities  thus  mutually  receiving  each  other  like 
thofe  of  the  cranium. 

But  this  ginglymus  is  not  lound  in  all  the  forts 
of  mufcles  j  thefea-mufcle,  that  larger  kind  found 
in  ponds,  which  fometimes  grows  a  foot  long, 
and  that  other  which  I  denominate  the  crefied 
kind,  from  an  eminence  in  form  of  a  cock’s  comb 
near  the  heel,  have  no  fuch  articulation. 

Of  the  progrejfive  motion  of  mufcles . 

From  the  ftru&ure  of  mufcles,  one  would  ima¬ 
gine  they  fliould  have  no  of  her  motion  but  what 
they  receive  from  that  of  the  water  ^  and  yet  they 
all  walk,  and  fome  of  them  float  on  the  furface  of 
the  water  *,  their  manner  of  walking  is  thus  : 

Being  laid  on  the  flat  fide  of  their  fhells,  they 
ifiue  partly  out  of  the  fame,  in  figure  of  a  tongue, 
and  make  little  vibrations  therewith,  to  dig  the 
land  or  mud  of  the  river.  In  thus  digging,  they 
dip  gradually  on  one  fide,  till  at  length  they  are 
found  on  the  edge  of  the  fhell,  with  their  back 
or  heels  upwards.  In  this  fiate  they  gradually 
advance  their  head  ;  that  is,  the  tip  of  the  tongue 
above- fa  id,  for  a  minute  or  two,  and  then  bear 
or  reft  upon  it,  in  order  to  draw  the  fhell  towards 
the  fame,  much  as .  water-fnails  are  fometimes 

feen 
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feen  to  do.  They  repeat  this  motion  fo  long  as 
they  are  difpofed  to  walk  ;  and  thus  form  a  fort  of 
irregular  trails,  which  are  fometimes  3  or  4  yards 
long,  in  which  they  lay  half  hid. 

In  the  hammer  time,  we  find  (lore  of  thefe 
tracks  in  rivers  where  mufcles  abound,  and  never 
mils  of  a  mufcle  at  the  end  of  each  trad.  5Tis 
in  this  manner  thefe  little  fifhes  feek  their  living, 
walking  this  way  and  that,  with  the  heel  fore- 
moft,  and  Hill  plowing  the  ground  with  the  edge 
of  their  fhells. 

Thefe  hollow  tracks  ferve  as  refls  to  fiiftain  the 
mufcles  on  the  edge  of  their  fhells,  and  may  like- 
wife  probably  ferve  to  catch  and  detain  thefpawn 
of  fome  fillies,  or  other  kinds  of  food  proper 
for  them. 

One  would  think  it  had  been  better,  if  the 
point  of  the  fhell  had  gone  before  the  heel,  fince 
being  thinner  and  fharper,  it  would  have  been 
fitter  to  dig  the  ground,  like  the  fhareof  a  plow, 
which  always  goes  with  the  point  fore  mo  ft. 

I  do  not  find  any  mufcular  flrudure,  whereby 
the  mufcle  fhould  be  pulled  out  of  its  fhell,  which 
leads  me  to  imagine,  that  this  is  only  done  by 
glutting  and  dilating  themfelves  with  v/ater.  This 
they  will  fwallow  fo  plentifully,  that  I  have  drawn 
half  a  glafs  full  from  the  pond  mufcle. 

One  of  the  mod  confiderable  effeds  of  their 
walking  isy  that  by  means  thereof,  they  are  able 
to  meet  and  rub  or  fpawn  together. 

I  have  found  no  eggs  in  any  mufcles,  yet  in  the 
fummer-time,  there  is  both  milt  and  (lore  of  mu¬ 
cus  in  the  fume  mufcle,  which  makes  me  con- 
jedure,  that  they  may  be  hermaphrodites. 

The  large  gland  of  the  creflof  the  mufcle  is  always 
full  of  a  very  white  milt  in  the  month  of  Septem¬ 
ber^  in  which  milt  there  is  this  remarkable,  that 

C  cc  2  it 
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it  coagulates  as  foon  as  thrown  in  water.  This 
coagulation  makes  me  imagine,  that  the  mufcle 
does  not  caft  its  fpawn  in  the  water,  fince  it 
would  hereby  be  rendered  ufelefs  for  generation. 

I  rather  fuppofe  therefore,  that  the  mufcle  infi- 
nuates  its  milt  into  another  mufcle,  at  the  time  of 
propagation.  There  is  even  reafon  to  fuppofe,  that 
the  fame  happens  in  other  fifhes,  and  that  they  do 
not  caft  their  milt  in  the  water,  as  is  vulgarly 
imagined. 

To  fee  this  milt,  the  large  gland  of  the  crefted 
mufcle,  which  makes  the  firmer  and  better  part 
of  the  fifh,  muft  be  cut  in  two,  upon  which  a 
flux  thereof  will  be  feen,  as  if  the  whole  had 
been  melted  down,  gathering  this  milt  with  a 
knife-blade,  and  prefently  cafting  it  into  the  wa¬ 
ter,  it  inftantly  coagulates  into  little  grumes  or 
clots. 

Of  the  fluttering  of  a  kind  of  mufcle. 

Arifiotle  tells  us,  that  he  had  been  informed  of 
a  large  fort  of  mufcle,  which  flutters  in  the  wa¬ 
ter  ;  and  we  have  already  obferved,  that  the  phi- 
lofopher  was  not  deceived.  For  I  have  had  the 
the  good  fortune  to  fee  the  pond- mufcle  above- 
mentioned  fluttering  after  this  manner.  —  The 
reafon  I  take  to  be  this. 

This  mufcle  has  a  very  thin  light  fhell,  yet  fo 
large  that  it  may  beat  the  fur  face  of  the  water,  as 
birds  do  the  air  with  their  wings.  On  the  back 
of  the  fhell  is  a  large  fpringy  ligament,  and 
within  are  two  ftrong  mufcles  to  (hut  it.  This  is 
enough  to  make  it  flutter  ;  all  required  to  that 
end,  being  that  thefe  fprings  a6t  readily  one 
after  the  other,  and  ftrike  the  air  with  fufficient 
velocity  and  ftrength.  What  favours  this  motion 
ftiil  more  is,  that  the  ginglymus  found  in  other 

fhell- 
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fhell-fifhes  which  do  not  flutter,  is  not  feen  in 
this,  which  would  prove  an  impediment. 

Y he  manner  how  mufcles  bury  themfelves  in  the 

fand. 

When  the  mufcles  find  it  cold  they  bury  them- 
felves  in  the  fand,  and  to  that  end  they  detach  a 
part  out  of  their  fhells  in  figure  of  a  tongue, 
which  they  drag  gently  this  way  and  that  to 
move  the  fand;  till  in  half  an  hour’s  time  they 
become  wholly  covered  therewith. 

How  the  mufcles  re-enter  their  fhells. 

The  mufcles  are  enabled  to  return  in  their 
fhells  by  means  ot  a  mufcular  membrane,  where¬ 
with  the  large  gland,  already  obferved  to  iflfue 
from  the  fhell  in  figure  of  a  tongue,  is  wholly 
invefted.  When  this  membrane  contracts  the 
gland,  which  is  naturally  foft  and  flexile,  becomes 
hard  and  wrinkled,  after  handling  it  a  little,  as 
we  find  in  fnails  on  the  like  occafion. 

Of  the  ejaculation  of  its  milt. 

There  is  a  deal  of  probability,  that  it  is  the 
contraction  of  the  mufcular  membrane  above- 
mentioned,  that  occafions  the  milt  to  iflue  from 
the  large  gland  through  little  pores,  or  canals,  vi- 
fible  therein  when  it  is  fwelled  with  water  ;  for 
upon  compreffing,  we  find  the  water  dart  in  little 
threads  to  a  good  diftance  therefrom. 

Of  the  voiding  its  excrements. 

As  to  the  voiding  its  excrements,  we  fuppofe 
it  effected  by  the  contraction  of  the  circular  muf¬ 
cles  of  the  inteftine,  which  are  very  numerous, 
and  difpofed  in  bundles.  To  fee  them,  the  intef¬ 
tine  muft  be  cut  lengthways,  the  excrements 

taken 
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taken  out,  and  the  gut  well  opened ;  this  done 
towards  the  bafe  of  the  gland,  to  which  the  in- 
teftine  is  fattened,  will  be  feen  feveral  large  bun¬ 
dles  of  fibres,  which  furround  the  inteftine,  di- 
minifliing  ttill  in  thicknefs  as  they  recede  further 
from  their  origin. 

Of  the  refpiration  of  mufcles. 

Mufcles  breathe  the  water  much  as  fifhes  do, 
as  appears  from  a  little  circular  motion  obfervable 
in  the  water  near  the  heel  of  their  fhell ;  but  they 
do  not  caft  forth  the  water  again  each  time  they 
take  it  in,  as  fifhes  do,  but  blore  themfelves  with 
it  for  a  minute  or  two,  and  then  throw  it  out  all 
at  once  at  the  other  end  of  the  fhell.  This  done 
they  begin  to  take  in  fretti  water,  which  they  caft 
out  as  before,  and  this  continue  without  ceafing. 
By  this  it  appears,  that  the  refpiration  of  mufcles 
differs  fo  me  what  from  that  of  fifhes  ;  for  thefe 
caft  forth  the  water  each  time  they  take  it  in.  It 
was  in  the  crefted  mufcles  I  obferved  this  refpi¬ 
ration,  to  which  end  they  were  laid  flat,  half  of 
them  under  water,  upon  a  fine  find  ;  if  they  had 
been  all  hid  in  the  water,  one  could  neither  have 
obferved  the  little  circulation  of  the  water  near 

i 

their  tail,  nor  even  the  expulfion  of  the  water  at 
the  other  end,  by  reafon  the  proper  motions  could 
not  in  that  cafe  be  produced  on  the  furface  of  the 
water. 

’Tis  probable,  that  thefe  fi  flies,  when  glutted 
with  water,  fuddenly  contract  their  mufcles,  to 
draw  their  fliells  one  to  the  other,  in  order  to 
comprefs  their  body,  and  thus  force  the  water 
out  *,  add  that  the  mufcle  does  not  feem  to  breathe 
conftamly,  for  having  put  fome  of  them  in  large 
bafons  to  have  the  conveniency  of  obferving  them 
better  than  in  the  river,  I  found  them  open  from 

time 
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time  to  time,  but  could  not  perceive  that  they  in-, 
fpired  the  water. 

»  <  ‘  1  * » 

Of  the  difeafes  of  mufcles . 

I  have  obferved  that  river  mufcles  are  fubje£fc 
to  diverfe  dileafes,  as  the  mofs,  itch,  gangreen, 
and  even  fphacelus . 

When  the  animal  grows  old,  there  gradually 
gathers  on  its  fhell  a  kind  of  grain,  which  is  no 
other  than  a  very  fhort  mofs,  like  that  upon 
Hones.  This  mofs  may  be  the  primary  caufe  of 
all  the  difeafes  that  befal  mufcles,  by  reafon  the 
roots  thereof  entering,  as  may  feem,  the  fubftance 
of  the  fhells,  the  little  apertures  occafioned  here¬ 
by,  afford  paffage  to  the  water,  which  gradu¬ 
ally  diffolves  them. 

We  fometimes  find  on  their  fhells  a  {lender 
tomentofe,  or  downy  kind  of  plants,  finer  than 
{ilk.  This  down,  called  by  botanifts,  algai  may 
occafion  the  like  diforders  as  the  mofs,  and  may 
likewife  incommode  the  mufcle  much  by  ob- 
ftructing  this  motion  *,  for  when  one  end  of  thefe 
plants  is  faftened  to  the  fhell,  and  the  other  to 
a  Hone  or  rock,  the  mufcle  will  no  longer  be 
able  to  walk. 

Tubercles  are  alfo  often  formed  on  the  inner 
furface  of  the  fhell,  which,  may  be  refembled  to 
the  itch,  they  .probably  arife  from  the  di Ablution 
of  the  fhell,  which  coming  to  fwell,  heaves  and 
thrufts  forth  the  inner  ftratum,  like  the  flefh 
which  grows  under  the  external  lamina  of  a  da¬ 
maged  bone,  and  makes  it  exfoliate.  Some  of 
thefe  tubercles  are  as  big  as  peafe,  and  might  be 
taken  for  pearls. 

Laftly,  the  fhells  fometimes  diffolve,  by  little 
and  little,  till  becoming  foft  like  membranes,  they 
may  be  pulled  in  pieces.  This  feems  to  indicate 

that 
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that  the  fhells  are  only  membranes  condenfed  and 
hardened  ;  and  the  fame  likewife  holds  of  bones, 
which  in  fome  difeafes,  become  as  foft  as  cloth. 

An  explanation  of  the  figures ,  tranfiated  by  J.  M. 

Plate  VI .Fig,  1.  A  river  mufcle.  of  which  the 
elaftic  ligament  *,  which  makes  the  mufcle  open, 
is  fattened  externally  to  the  heel  of  the  fhell. 

Fig.  2.  A  fea  mufcle,  of  which  the  elaftic  li¬ 
gament  *,  which  makes  the  fhell  open,  appears 
only  internally  toward  its  heel. 

Fig .  3.  An  oifter,of  which  the  elaftic  ligament*, 
which  makes  it  open,  is  hidden  between  the  two 
fhelis  of  the  oifter. 

Fig.  4.  A  mufcle,  which  I  have  called  crefted, 
becaufe  it  has  a  procefs  *  in  the  heel,  in  form  of 
a  creft. 

Fig.  5.  The  tracks,  which  the  mufcles  make 
and  leave  behind  them,  when  they  make  their 
progreflive  motion  in  the  mud  or  find  of  the 
rivers. 

VI.  An  extradl  of  the  ob [creations  made  in 
December,  1705,  by  S .  Bianchini,  upon 
fome  fires  feen  on  one  of  the  Appenine 
mountains  y  by  M.  Caffini,  jun.  *  tra?jlated 
by  Mr.  Chambers. 

In  the  way  from  Boulogne  to  Florence  through  the 
diftri£t  of  Pietra  Mala,  flames  are  commonly  per¬ 
ceived  on  the  defcent  of  a  mountain.  S.  Bian¬ 
chini ,  who  had  frequently  obferved  them  at  a 
diftance,  refolving  at  length  to  go  nearer  and  ex¬ 
amine  them,  gives  us  the  following  account. 

*  Aug.  7,  1706. 
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After  feeing  a  living  flame  arife  without  inter¬ 
ruption,  and  without  any  matter  to  fuftain  it  o- 
ther  than  what  it  receives  from  the  fituation  of  the 
lubterraneous  places,  found  in  the  mountain  of 
Pietra  Mala ,  I  make  no  doubt,  but  that  the  ufe  of 
fire  in  our  arts  was  ift  communicated  and  rendered 
durable  by  fomeof  thefe  natural  mines,  orfprings 

of  flame,  obferved  in  this  mountain. - About 

the  flames,  I  found  fnow  and  ice,  not  above  4 
feet  diftant,  which  continued  till  about  noon.  I 
had  feveral  ftrangers  with  me,  who  had  the  fame 
curioflty  for  examining,  and  we  had  a  guide, 
who  was  to  look  to  our  horfes  at  the  top  of  the 
mountain  of  Pietra  Mala ,  from  whence  we  af- 
cended  on  foot  in  a  louthern  dire&ion,  for  the 
fpace  of  about  two  miles,  leaving  the  great  road 
on  the  right,  and  defcending  the  other  fide  of  the 
mountain  by  a  narrow  path,  which  ended  in  a 
plain,  capable  of  being  cultivated.  In  the  mid¬ 
dle  of  certain  plowed  grounds,  we  perceived 
a  road,  from  whence  arofe  feveral  little  flames, 
which  feemed  about  half  a  foot  above  the  ground, 
as  if  they  arofe  from  wood  or  coal.  The  place 
where  thefe  flames  are  found,  is  8  Roman  feet 
broad,  and  1 6  long,  and  is  capable  of  being 
meafured  as  well  as  other  parts  of  the  field,  it 
being  eafy  to  walk  about,  and  even  over  the 
flame,  without  fear  of  falling  into  any  hole  or 
cavern,  as  on  mount  Vefuvius ,  the  foil  is  here 
quite  difcontinuous,  and  differs  in  nothing  from 
the  reft,  excepting  that  the  vein  of  fire  renders 
it  fornewhat  firmer,  and  gives  it  more  of  an  adufl: 
colour.  I  fay  the  vein  of  fire,  as  not  knowing 
how  otherwife  to  call  this  unknown  matter,  which 
produces  fo  many  different  flames  difperled  here 
and  there,  in  twenty  feveral  places,  all  within 
the  compafs  of  130  feet  fquare.  I  judged  it  need- 
Vol.  II.  NQ.  22.  I)  dd  lefs 
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lefs  to  count  each  of  them  apart,  fince  one  may 
make  flames  arife  from  every  fpot  of  the  whole 
compafs,  either  by  ftriking  the  ground  (lightly, 
with  a  flick  or  other  body,  or  by  throwing  flraw, 
paper,  or  other  combuftibie  matter  thereon. 

Yet  when  fuch  combuftibks  were  laid  in  a 
'place  at  a  diflance  from  the  flames,  this  did  not 
hinder  their  taking  fire,  much  as  paper  or  Jin- 
nen  would  have  done,  by  calling  them  on  a  red- 
hot  iron.  In  fine,  we  obferve  that  one  of  the 
flames  thus  produced,  after  it  had  confumed  the 
matter  thrown  on  it,  continued  ftill  burning, 
being  fed  with  fomething  elfe  fupplied  by  the 
foil. 

We  call  branches  of  thorns  and  other  flirubs, 
gethered  for  the  purpofe,  as  we  came  on  thefe 
flames,  and  found  them  burn  as  readily,  as  when 
thrown  on  a  common  fire,  and  obferving  fome 
lumps  of  fnow,  not  yet  melted,  within  two  feet 
of  the  flame,  and  finding  pieces  of  ice  under  the 
fnow  at  4  feet  diflance  from  the  flame,  it  not 
only  put  me  in  mind  of  what  the  poet  faid,  fpeak- 
ing  of  mount  yEtna,  with  its  fnows  and  fires; 
Sc  it  nivibus  Jervare  fidem  ;  but  I  had  a  mind  to 
make  the  experiment  of  cafting  fnow  and  ice  into 
the  flame,  1  did  it  accordingly,  and  found  them 
diflblve  in  a  moment,  as  if  they  had  been  call: 
upon  a  common  fire.  The  flame  however  was 
not  extinguifhed  thereby  ;  but,  on  the  contrary, 
appeared  more  vivid,  and  fpread  more  forcibly 
around. 

While  we  made  thefe  experiments,  all  about 
the  place  we  perceived  a  very  agreeable  odor, 
which  feemed  to  ifiue  from  this  burning  foil,  and 
was  much  like  what  arifes  upon  burning  fome 
odoriferous  wood,  as  calambouc.  This  odor  was 
moil  fenfible,  when  we  flood  oppofite  to  the 

fun 
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fnn,  or  at  fome  little  breeze  in  her  face,  which 
increafed  the  flame.  I  gathered  fome  pieces  of 
ftones  near  the  flame,  and  a  handful  of  duft  of 
the  ground,  which  being  rubbed  againft  each 
other,  produced  flame,  and  yielded  the  like 
odor  as  that  above-mentioned.  Thefe  ftones  were 
fo  hot  at  flrft,  that  one  could  hardly  bear  them 
in  the  hand,  and  they  prefer ved  their  heat  for  ~ 
of  an  hour,  and  their  fmell  much  longer. 

Having  made  thefe  experiments,  which  ap¬ 
peared  fufficient  to  latisfy  our  curiofity  as  to  the 
flrft  communication  of  fire,  and  may  aftord 
fcope  enough  for  philofophiflng  upon  fo  extraor¬ 
dinary  an  effedt,  we  refumed  our  journey  to¬ 
wards  Fiorenzola . 

Reflections  on  the  foregoing  ohfervations. 

This  fire,  obferved  by  S.  Bianchini ,  bears  a 
near  relation  to  that  obferved  in  Bauphini ,  by  M. 
Bieulamant ,  whereof  an  account  is  given  in  the 
hiftory  for  the  year  1669. 

There  is  no  viflble  fuel  of  either  of  the  flames, 
though  this  latter  fmells  ftrong  of  fulphur,  be- 
fldes  that  it  burns  moft  in  winter  and  moift  wea¬ 
ther.  The  two  fires  have  this  in  common,  that 
they  are  on  the  defcents  of  mountains,  and  feem 
both  to  fpring  from  the  ground,  without  any  ap¬ 
parent  cleft,  whereby  to  communicate  with  any 
cavern  underneath.  They  are  both  of  them  like- 
wife  increafed  by  moifture  and  cold  weather,  as 
may  appear  of  the  former  by  the  fnow  caft  there¬ 
on,  which  in  thawing  augmented  the  fire. 

The  chief  difference  lies  in  the  fmell,  which  in 
the  one  is  fulphurous,  and  as  it  were  aromatic  in 
the  other. 

YII, 
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VII.  A  dijfertation  on  the  barometers  and 
ther?no?nctersf  by  M.  de  la  Hire,  jun.  * 
tranjlated  by  Mr.  Chambers. 

We  are  much  obliged  to  the  philofophers  of 
the  lad  age,  for  having  found  a  method  of  de¬ 
termining  the  feveral  changes  which  befel  the 
air,  confidered  as  a  heavy  and  an  elaftic  body  :  a 
difeovery  of  the  utmoft  importance,  as  it  lets  us 
into  the  reafon  of  a  multitude  of  phenomena, 
which  had  infinitely  perplexed  all  former  natu- 
ralifts,  and  given  rife  to  I  know  not  what  aver- 
fion  in  nature  to  a  vacuum. 

The  celebrated  Galileo ,  mathematician  to  the 
grand  duke  of  'Tufcany ,  was  the  firft  that  ob- 
ierved,  that  water  couldonly  rife  in  a  fucking  pump 
to  the  height  of  32  feet  ;  and  that  if  the  barrel 
of  the  pump  exceeded  this  height,  fuch  excefs 
would  remain  empty.  The  conlequence  he  drew 
from  this  obfervation  was,  that  nature  had  only 
an  averfion  for  a  vacuum  at  this  height,  which 
was  a  conclufion  of  a  piece  with  the  former  phi- 
lofophy. 

Foricelli  his  difciple  and  fucceffor  made  ano¬ 
ther  experiment  in  the  year  1643,  taking  a  glafs 
tube  4  feet  long,  and  open  only  at  one  end,  he 
filled  it  with  mercury,  and  thus  inverted  it  into 
another  veffel  full  of  mercury,  the  open  end  being 
downwards;  the  effedl  was,  that  the  mercury  in 
the  tube  funk  fome  20  inches,  and  left  a  fpace 
in  the  top,  which  muff  necelfarily  be  a  vacuum. 

This  experiment  was  communicated  by  a  letter 
From  Italy  to  father  Mer ferine,  a  minim  of  Paris , 
who  fpread  it  thro’  all  France ,  till  at  length  M. 
Petit ,  intendant  of  the  fortifications,  having  im- 
J  Nov.  13,  1706. 

parted 
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parted  it  to  M.  Pafcal ,  they  repeated  the  expe¬ 
riment  together  at  Rouen  in  1646,  and  found  it 
perfectly  agreeable  to  what  had  been  notified  from 
Italy  ;  on  which  occafion  M.  Pafcal  made  leve- 
ral  other  experiments,  whereof  he  formed  a  book, 
which  was  publifhed  in  1647.  The  fame  year 
he  received  intelligences  that  Toricelli  had  fuf- 
pet-ded,  that  the  weight  of  the  air  was  the  caufe 
of  the  fufpenfion  of  the  mercury  in  the  experi¬ 
ment  above-mentioned,  which  led  him  to  make 
fome  further  experiments,  by  wrhich  he  was  con¬ 
firmed  in  the  fentiment  of  Toricelli ,  upon  which 
he  ventured  to  advance,  that  all  thofe  effects 
which  had  been  attributed  to  nature’s  abhorrence 
of  a  vacuum,  were  only  owing  to  the  weight  ot 
the  air,  of  which  he  made  abundant  proof  in  a 

treatife  on  that  head. - Such  were  the  epocha, 

and  order  of  the  feveral  experiments,  whereby 
this  noble  property  of  the  gravity  of  the  air  were 
difeovered  :  v/e  proceed  now  to  a  defeription  of 
the  machines,  contrived  to  difeover  its  elaftic 
power,  beginning  with  the  oldeft,  and  proceed¬ 
ing  according  to  the  order  of  time. 

Sanftorius,  a  celebrated  phyfician  of  Capo 
d’lftria ,  bethought  himfelf  of  a  machine  for  dif- 
covering  the  different  degrees  of  heat  in  feverifh 
perfons,  which  he  called  a  thermometer,  not  con- 
fidering,  as  we  have  all  the  reafon  to  imagine, 
that  the  fame  machine  might  ferve  to  fhew  the 
changes  which  befal  the  air  as  its  bulk  is  increafed 
by  different  degrees  of  heat ;  and  that  this  would 
be  of  more  advantage  to  the  publick,  than  all  its 
application  to  the  bufinefs  of  medicine. 

This  thermometer  confided  of  two  glafs  balls, 
fattened  to  a  glafs  tube,  bent  at  the  bottom  clofe 
to  the  lower  ball ;  the  upper  ball,  which  had  no 
communication  with  the  external  air,  and  all  the 

upper 
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upper  part  of  the  tube  were  full  of  common  air, 
and  the  reft  with  part  of  the  lower  ball,  which  was 

open  a  top,  were  filled  with  aqua  fecunda . - 

From  this  conftru&ion,  it  eafily  appears,  that 
when  the  air  of  the  upper  ball  was  dilated  further 
by  a  greater  degree  of  heat,  it  would  comprefs 
the  aqua  fecunda  in  the  tube,  and  oblige  it  to 
defcend  ;  and  on  the  contrary,  would  let  it  rife 
again,  when  the  fame  air  came  to  be  condenfed 
into  a  lefs  compafs. 

This  inftrument,  tho5  fubjeft  to  great  irregu¬ 
larities,  was  allowed  very  curious  by  all  the  learned, 
and  put  in  ufe  accordingly,  till  luch  time  as  the 
barometer  was  difcovered,  upon  which  a  great 
defeft  was  perceived  in  it,  viz.  That  it  acted 
likewife  as  a  barometer,  which  might  frequently 
deftroy  all  its  effect  as  a  thermometer,  for  that 
the  air  in  the  lower  ball,  communicating  with  the 
external  air,  would  ad:  likewife  on  the  liquor, 
and  oblige  it  to  rife  or  fall,  according  as  it  fhould 
be  more  or  lefs  heavy. 

Thisdifcovery  of  the  barometer  proved  a  great 
blow  to  that  of  the  thermometer;  but  it  lafted 
not  long.  Some  learned  men  at  Florence ,  having 
contrived  to  make  another,  without  the  defed  of 
the  former.  I  have  not  been  able  to  difcover  any 
date  of  the  time  when  this  latter  was  invented, 
except  in  Otto  Guerickes  book,  intitled.  Experi¬ 
ment  a  Magdeburgicay  printed  in  1672,  wherein 
he  mentions  its  being  difcovered  about  30  years 
ago  ;  and  in  M.  Petit' s  Differtations  Academiques> 
printed  in  1671,  wherein  the  invention  is  attribu¬ 
ted  to  the  academy  Del  Cimento ,  who  firft  gave 
the  defcription  and  figure  thereof  in  their  Saggi 
di  naturali  efperienze. 

This  which  fhould  be  called  the  Flcrentins 
thermometer,  and  which  is  that  now  molt  in  ufe, 
:  1  ' '  being 
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being  found  very  commodious  for  all  kinds  of 
experiments,  as  well  as  eafily  portable,  is  very 
fimple  in  its  make,  confifting  only  of  a  glafs  ball, 
to  which  is  fattened  a  tube  hermetically  fealed 
a  top,  whofe  diameter  and  length  are  fo  propor¬ 
tioned  to  the  diameter  of  the  ball,  which,  with  a 
part  of  the  tube,  is  to  be  filled  with  fpirit  of  wine, 
as  that  the  fpirit,  when  dilated  by  the  utmoft  de¬ 
gree  of  heat  of  our  climate,  may  not  quite  fill  the 
tube,  nor  when  condenfed  by  the  utmoft  degree  of 
cel  l,  fink  wholly  into  the  ball. 

But  tho’  this  thermometer  have  great  advan¬ 
tage,  it  had  one  confiderable  defedt,  which  was, 
that  we  could  not  by  means  hereof  compare 
the  temperature  of  the  air  of  one  country  with 
that  of  another,  unlefs  either  one  and  the  fame 
thermometer  were  carried  into  both  places,  or 
feveral  thermometers  were  divided  to  the  fame 
degrees  of  heat  ;  but  M.  Amontons  found  a  re¬ 
medy  for  this,  and  made  .the  thermometer  truly 
univerfal,  without  changing  any  thing  in  its 
ftrudiure,  by  fixing  a  degree  of  heat,  viz.  that 
of  boiling  water,  which  is  the  fame  every  where, 
whereby  all  the  other  degrees  are  to  be  directed, 
fo  that  nothing  further  feemed  defirable  on  this 
head  •,  yet  we  find  this  year  a  further  attempt  of 
M.  Nuguet ,  who  has  published  a  treatife,  intitled 
A  New  Difcovery  of  a  thermometer ,  long  fought 
for  by  the  royal  academy,  free  from  the  defe&s 
of  other  thermometers,  and  containing  all  the 
advantages  found  feparately  in  all  others  hitherto 
invented. 

Not  to  mention,  that  he  had  no  grounds  for 
quoting  the  academy,  as  engaged  in  fuch  a  re- 
fearch,  we  obferve,  that  his  thermometer  is  much 
like  M.  Huygens' s  barometer.  It  confifts  of  a 
glafs  ball  hermetically  fealed,  and  full  of  air, 

condenfed 
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condenfed  by  the  cold  of  iced  water,  and  of  4 
cylindrical  tubes,  cemented  to  each  other,  which  all 
together  make  only  one  fingle  bent  tube,  the  bend 
being  downwards.  This  tube  is  filled  like  the 
double  barometer,  tho’  with  fome  precautions  to 
be  mentioned  hereafter,  by  which  means  the  fpace 
from  the  top  of  this  tube  to  the  middle  of  the 
firfl  tube,  is  emptied  of  grofs  air;  the  reft  of  the 
fpace,  as  far  as  the  middle  of  the  third  tube,  which 
is  over  the  bend  in  the  other  branch,  being  full 
of  mercury.  Laftly,  over  the  mercury  there  is 
fpirit  of  wine,  as  far  as  the  middle  of  the  fourth 
tube,  to  whole  top  the  ball  is  faftened,  which  is 
full  of  air  as  well  as  the  reft  of  this  tube. — 

Now,  from  this  ftrudlure  it  eafily  follows,  that 
as  the  heat  increafes,  the  fpirit  of  wine  muft 
defeend,  and  rife  again  as  the  cold  returns,  by 
reafon  the  air  in  the  ball,  and  part  of  the  tube 
being  dilated  by  the  large  heat,  will  oblige  the 
fpirit  of  wine  to  defeend,  and  when  condenfed 
again  by  the  cold,  will  leave  the  fpirit  at  liberty 
to  re-afeend  ;  but  neither  this  ftrudlure,  nor  man¬ 
ner  of  filling,  I  doubt,  will  appear  fo  fimple  as 
that  of  the  Florentine  thermometer.  Let  us  now 
fee,  how  he  fixes  the  ratio  of  his  tubes,  upon 
which  the  whole  ftru&ure  of  his  thermometer  de- 

The  proportion  which  he  has  taken  between 
the  tube,  wherein  the  fpirit  of  wine  moves,  and 
the  other  tubes,  wherein  the  mercury  is  contained, 
and  between  the  weight  of  fpirit  of  wine  and  that 
of  mercury  is  fuch,  that  when  the  liquor  is  ar¬ 
rived  at  the  top  of  the  third  tube,  which  denotes 
the  extreme  heat  of  fummer,  the  air  in  the  ball 
will  fupport  4  inches  of  mercury  more  than  it 
will  fupport  when  the  fame  liquor  arrives  at  the 
entrance  of  the  ball,  which  denotes  the  greatest 

•  degree 
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degree  of  cold.  The  reafon  he  gives  for  this  pro¬ 
portion  is,  that  the  inclofed  air  will,  by  the  high- 
eft  degree  of  the  fummer’s  heat,  be  able  to  fuftain 
4  inches  of  mercury  more  than  it  fuftains  in  the 
greateft  winter’s  cold. 

This  paflage,  which  is  taken  from  his  own 
writing,  will  afford  room  for  feveral  obfervations. 
-  1  ft,  That  he  fays  nothing  of  the  dia¬ 
meter  of  the  ball,  wherein  the  air  is  inc’ofed, 
which  it  ought  by  all  means  to  be  confidered, 
fmce  by  fome  experiments,  which  we  have  made, 
it  appears,  that  different  bulks  of  inclofed  air, 
when  expofed  to  the  fame  degree  of  hear,  will 
fuftain  the  mercury  at  different  heights ;  whence 
will  arife  a  neceftity  of  making  thofe  balls  per- 
fedtly  equal  in  all  his  thermometers,  and  the 
tubes  equal  likewife,  or  in  the  fame  proportion, 
which  is  almoft  impoffible  in  the  execution. 

2dly,  That  he  does  not  mention  in  what  part 
of  the  earth  the  difference  between  the  utmoft 
fummer’s  heat,  and  the  winter’s  cold,  will  fuftain 
4  inches  of  mercury ;  and  if,  as  we  fuppole,  he 
means  it  at  Paris,  where  the  terms  of  heat  and 
cold  have  lately  been  fettled,  yet  to  have  any  of 
thefe  thermometers  of  ufe  in  other  countries,  they 
muft  be  made  there  on  purpofe  *,  thofe  made  at 
Paris  being  ufelefs,  by  reafon  the  greateft  degrees 
of  heat  and  cold,  whereon  the  whole  ftrudfure  is 
found, change  according  to  the  country, which  will 
induce  a  neceffity  of  finding  and  fixing  them, 
which  is  no  fmall  difficulty. 

3d! y,  He  fhould  have  expreffed  whether  this 
air,  which  is  able  to  fuftain  4  inches  of  mercury 
more  in  fummer  than  in  winter,  be  inclofed  in  a 
ftate  of  condenfation,  fince,  from  his  account,  it 
does  not  appear,  that  this  air  is  condenfed  j  and 

Yol.  II.  N°.  22.  E  e  e  yet 
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Yet  that  in  the  ball  of  his  thermometer  is  con- 
denfed  by  the  cold  of  freezing  water,  which  leads 
us  into  a  great  difficulty,  by  reafon  the  air  where¬ 
on  his  thermometer  is  built  feems  of  one  kind, 
and  that  in  the  ball  of  another,  and  yet  he  feems 
to  infer  the  effebt  which  the  latter  will  produce 
from  that  produced  by  the  former. 

4thly,  That  ice  or  freezing  water  will  always 
be  neceffary  for  the  making  of  his  thermometers. 

5thly,  That  regard  mult  be  had  in  making  his 
thermometers  to  the  different  heights  of  the  at- 
mofphere,  which  occafion  alterations  in  the  body 
of  air. 

6thly,  That  notice  mult  likewife  be  taken  of 
the  degree  of  drynefs  or  moifture  of  the  air, 
which  may  produce  fome  alterations  in  his  ther¬ 
mometer. 

We  proceed  now  to  examine  the  precautions 

wherewith  this  thermometer  is  to  be  filled. - 

Ere  the  extremity  of  the  ball  be  fealed,  care  muff 
be  taken  that  the  lpirit  of  wine  contained  in  the 
tube,  which  is  joined  to  the  ball,  correfpond  by 
its  upper  part  to  the  degree  of  the  fcale  of  the 
common  thermometer,  which  exabtly  expreffes 
the  degree  of  cold  of  freezing  water,  wherein 
they  are  plunged  ;  and  fince  he  proportions  the 
quantities  of  water  and  ice  in  fuch  a  manner,  as 
that  the  cold  arifing  from  the  mixture  of  the  two, 
may  fuffice  to  make  the  liquor  in  the  common 
thermometer  fink  to  the  34th  degree  of  its  fcale, 
he  introduces  the  fpirit  into  this  tube,  till  fuch 
time  as  its  upper  extremity  correfpond  to  a  point, 
which  expreffes  the  33d  degree  of  the  fcale  of  his 
themometer. 

’Tis  evident,  that  in  this  method  of  filling  his 
thermometer,  he  will  always  need  one  of  the  Flo¬ 
rentine 
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rentine  thermometers,  and  that  it  can  never  be 
univerfal,  fince  only  thofe  made  by  the  fame  com¬ 
mon  thermometer  will  be  capable  of  being  com¬ 
pared  together,  for  fuppofmg  them  equal  in 
every  thing  elfe,  the  33d  degree  of  all  the  com¬ 
mon  ones  will  never  exprefs  the  fame  degree  of 
cold,  as  this  degree  is  not  determined  by  any  fixed 
uniform  caufe. 

Thus  much  for  the  general  difficulty  in  the 
dru6ture  of  M.  Nuguet’ s  thermometer:  I  ffiall 
now  proceed  to  a  comparifon  of  its  effects,  with 
thofe  of  a  very  good  Florentine  thermometer, 
which  has  been  uled  by  my  father  and  felf  up¬ 
wards  of  30  years. - On  the  25th  of  Juney 

at  a  quarter  pad  2  in  the  afternoon,  the  fky  be¬ 
ing  very  clear,  I  expofed  the  Florentine  thermo¬ 
meter  to  the  fun,  in  a  place  perfectly  free  from 
wind,  and  that  of  M.  Nuguet  afide  of  it.  This 
latter  being  placed  very  perpendicularly,  I  found 
it  fink  to  93  — f-,  and  a  few  minutes  after  rife 
again  to  89 — f,  where  it  fixed,  tho’  dill  ex¬ 
pofed  to  the  fun,  by  which  it  appears,  that  this 
afcent  could  neither  be  owing  to  any  cooling  of 
the  air  during  the  experiment,  fince,  in  that  cafe, 
it  mud  have  continued  cooling,  and  confequently 
the  fpirit  of  wine  have  continued  rifing,  unlefs 
wefuppofe  the  air  to  have  only  been  cooled  for  a 
few  minutes,  in  which  cafe  the  fun’s  rays  would 
have  heated  it  again,  and  confequently  the  fpirit 
mud  have  funk  again,  nor  to  a  dimunition  of  the 
effecd  of  the  fun’s  ray,  by  reafon  of  the  difference 
of  his  height  above  the  horizon  j  fince,  after  fink¬ 
ing  to  its  lowed  in  a  ffiort  time,  when  it  began 
to  rife  again,  it  fhould  have  continued  rifing 
to  the  end  of  the  experiment.  The  other  ther¬ 
mometer  rofe  to  86  ;  after  which  there  was  no 

Eee  2  fenfible 
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fenfible  rife,  tho5  they  both  flood  in  the  fun  2  5' — , 
After  which,  I  removed  them  into  a  room,  which 
was  open  to  the  eafl,  and  into  which  the  fun  could 
not  play,  where  when  they  had  flood  long  enough 
to  fettle,  I  found  that  ofM.  Nuguet  rifen  to  7 8 ' — 7, 
and  the  other  funk  but  to  64° — j  *,  the  difference 
therefore  between  that  of  M.  Nuguet ,  when  ex- 
pofed  to  the  fun,  and  in  the  room,  was  ii°, 
which  are  equivalent  to  3  inches,  3  lines  {•  ;  and 
the  difference  between  the  Florentine  one  in  thofe 
two  flates,  was  21" — {,  which  are  equivalent  to 
7  inches,  3  lines  j  y  confequently  the  latter  was 
more  fenfible  by  half  than  the  former. 

It  remains  to  be  explained,  why,  upon  expofing 
the  new  thermometer  to  the  fun,  it  nrft  funk, 
and  then  rofe  again.  The  reafon  whereof  is  this, 
that  the  heat  adting  on  the  air  and  the  fpirit  of 
wine  at  the  fame  time,  and  the  air  being  more 
fufceptible  of  dilatation,  it  made  the  fpirit  of 
wine  fink  very  readily  at  firfl,  which  is  the  only 
advantage  that  I  can  perceive  in  this  new  ther¬ 
mometer  above  others  ;  but  the  fpirit  of  wine  at 
length  warming  and  dilating  it,  compreffed  the 

air,  and  by  means  hereof  gained  4 - in 

height,  which  is  a  proof,  that  the  new  thermo¬ 
meter  ought  to  be  confidered,  as  compofed  of 
two  others  :  one  an  air  thermometer,  as  that  of 
San 51  or ius  ;  and  the  other  a  fpirit  thermometer, 
as  that  of  the  Florentine  academy,  but  which  a 61 
againfl  each  other. 

It  may  not  be  here  amifs  to  advertife  thofe 
unacquainted  with  the  laws  of  dioptricks,that  they 
are  not  to  attribute  the  great  rife  of  the  Floren¬ 
tine  thermometers,  when  expofed  to  the  fun,  to 
the  fpherical  figure  of  their  phials,  which  can  have 
no  effcdl  thereon,  more  than  if  the  fpirit  were 

expofed 
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expofed  naked  in  any  other  vefifel ;  for  if  by  the 
curvity  of  the  phial,  the  rays  which  fall  on  it  be 
collected  as  they  pafs  through  the  fpirit,  and  thus 
heat  that  part  they  touch  more  flrongly  than  they 
would  otherwife  do,  they  will  defert  another  part 
of  this  fpirit,  and  have  no  effect  at  all  thereon ; 
fo  that  one  compenfates  for  the  other. 

VIII.  Refactions  on  the  obfervations  fent  to 
M.  le  Comte  de  Pontchartrain,  by  F.  La¬ 
val  Regius  profejjor  of  hydrography ;  by 
M.  Caffini 

The  fituation  of  the  obfervatory  at  Mar  fellies, 
in  view  of  the  horizon  of  the  fea,  gives  F  .Laval  the 
convenience  of  obferving  the  horizontal  varia¬ 
tions,  which  are  commonly  aferibed  to  the  re¬ 
fractions  of  the  vifual  rays. 

Thofe  which  he  has  hitherto  made,  being  cor¬ 
rected  by  the  rule  which  we  have  given  on  occa- 
fion  of  the  obfervations  made  on  the  mountain 
of  Notre  Bams  de  la  Garde  de  Toulon ,  fhew, 
that  the  horizon  of  the  fea  is  feven  fmall  ieagues 
diftant  from  the  obfervatory ;  and  that  the  ob¬ 
fervatory  is  elevated  175  feet  above  the  fur  face  of 
the  fea. 

It  is  a  thing  that  would  merit  being  examined 
by  the  levelling  made  from  the  obfervatory  to 
the  water  of  the  fea. 

We  have  obferved,  that  the  apparent  horizon 
of  the  fea  is  often  feen  lower  than  the  true  hori¬ 
zon,  which  is  not  always  diftinguifhed.  For 
there  is  about  the  true  horizon  an  edging  of  the 
furface  of  the  fea,  which  is  not  diftinguifhed 
from  the  sky.  W7e  judge  of  it  by  the  fummit  of 
fome  iflands,  which  are  difcovered  beyond  the 
*  March  13,  1706. 

horizon. 
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horizon,  and  Teem  fometimes  to  be  elevated  into 
the  fky  above  the  apparent  horizon  of  the  fea,  a- 
bove  which  they  make  a  reflection,  which  forms 
a  reverfed  image  of  the  mountain,  contiguous  to 
that1  of  the  mountain  feen  direCtly.  Thefe  two 
images  form  a  total  one,  divided  into  two  equal 
and  fimilnr  parts,  by  the  true  horizontal  line, 
which  is  diftinguifhed  only  by  this  appearance. 

The  variation  of  the  apparent  depreflion  of  the 
horizon  hitherto  obferved  by  F.  Laval ,  amounts 
to  no  more  than  a  minute  and  half,  the  final  left 
having  been  13'  j,  and  the  greateft  1 5'  •,  but 
what  is  mod  obfervable  is,  that  the  greateft  de- 
preflion  was  obferved  when  the  fea  was  higheft. 
The  high  fea  ought  rather  to  contribute  to  make 
the  horizon  of  the  fea  appear  higher  *,  it  is  true, 
that  at  fo  great  a  diftance  the  elevation  of  the 
fea  by  the  tempeft  would  not  be  fenfiblc  ;  and 
thus  the  difference  of  the  apparent  height  of  the 
horizon  ought  to  be  afcribed  rather  to  the  diffe¬ 
rent  temperaments  of  the  air,  which  caufe  refrac¬ 
tions  in  them. 

We  havefometimes  feen  the  fun  begin  to  appear 
in  the  morning  above  the  horizon,  a  little  elevated 
above  the  furface  of  the  fea,  of  an  oval  figure, 
with  its  length  according  to  the  horizontal  line  : 
it  grew  larger  by  degrees  upwards  and  down¬ 
wards.,  and  was  divided  into  two  by  the  horizon¬ 
tal  line,  till  the  upper  part  was  detached  from 
the  lower,  each  part  growing  round,  and  form¬ 
ing  at  laft,  as  it  were,  two  funs  *,  one  of  which 
was  detached  from  the  other,  and  receded  from 
it,  upon  the  common  line,  perpendicular  to  the 
horizon,  till  the  lower  one,  which  we  fuppofe 
to  be  caufed  by  the  reflection  on  the  fea,  ceafed 
to  appear.  F.  Laval  once  obferved  the  fun  to 
fee  in  form  of  a  bonnet,  detached  from  the  whole 
.  .  ,4  apparent 


Royal  Academy  of  Sciences.  401 

apparent  horizon  :  this  appearance  might  have 
been  caufed  almoft  in  the  lame  manner,  as  we 
have  explained  thofe  we  have  obferved  formerly. 

The  greatell  declination  of  the  fun,  which  F. 
Laval  has  round  in  fummer,  by  the  obfervations 
of  the  meridian  heights  of  the  fun,  corrected  by 
our  elements  of  the  refractions  and  parallaxes, 
comes  very  near  that  which  we  had  determined, 
by  the  obfervations  made  50  years  ago,  to  be 
230  29  .  By  the  winter  obfervations,  F .  Laval 
found  it  Imaller  by  f  a  minute,  which  may  be 
alcribed  to  fome  little  difference  of  refradtjon,  in 
the  meridian  height  of  the  fun,  which  might  be 
a  little  greater  or  lefs  regular  in  winter.  Thefe 
are  very  ufeful  obfervations,  which  ought  never 
to  be  negleCted.  This  little  difference  may  come 
alfo  partly  from  the  divifions  of  the  inftruments, 
which  are  not  fo  fine,  but  that  we  may  doubt  of 
fome  feconds  in  a  great  many  degrees.  In  an 
instrument  of  4  feet  radius ,  5  feconds  occupy  no 
more  than  part  of  a  line,  which  is  not  very 
fenfible.  In  the  greateft  inftruments,  we  per¬ 
ceive  a  little  trembling  in  the  fun  and  other  ftars, 
which  may  be  afcribed  to  the  different  degrees 
of  the  temperature  of  the  air  through  which  their 
rays  pafs ;  which  leaves  fome  little  doubts  in  the 
obfervations.  The  obfervations  near  the  horizon 
are  fubjeCt  to  variations,  by  the  different  tempe¬ 
ratures  of  the  air,  as  appears  by  the  ufe  of  te- 
lefcopes,  which  in  great  heats  fhew  an  appearance 
of  boiling  in  diftant  objeCls. 

The  objeCls  feen  together  by  a  horizontal  ray, 
are  not  always  feen  alike.  We  fee  from  the 
fame  window',  and  from  the  fame  point,  a  mill 
at  a  diftance,  partly  hidden  behind  a  neighbour¬ 
ing  building,  fomtimes  quite  elevated  above  the 
building,  and  fometimes,  as  it  were,  im merged 

below 
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below  it,  and  entirely  hidden.  Thus  the  proof 
that  we  rpake  of  inftruments,  by  the  direction  of 
their  axes  to  a  diftant  objeCt,  is  not  always  ex¬ 
empt  from  fome  little  error  *,  a  vifual  ray,  which 
pafies  thro*  the  fame  medium ,  not  being  always 
ftrait,  or  always  crooked  in  the  fame  manner,  its 
curvature  varying  according  to  the  different  tem¬ 
peratures  of  the  interpofed  air. 

As  for  the  obfervations  on  the  eclipfes  of  the 
firft  fatellite  of  Jupiter ,  which  F.  Laval  has  con¬ 
tinued  to  make  as  often  as  the  weather  permitted 
him,  he  admires  their  conformity  to  the  calcula¬ 
tions,  inferted  in  the  book  of  the  Connoijfance  de 
temps ,  which  they  have  taken  care  to  compofe, 
by  ufing  the  corrections  which  I  gave  8  years 
ago,  which  confift  in  fubftraCting  four  minutes 
of  time  from  the  epoch,  in  fubftraCting  alio  one 
fecond  from  the  25  revolutions  of  the  firft  fatellite, 
and  in  augmenting  the  firft  inequality  by  3X0  part. 
Thefe  corrections  very  often  reduce  their  calcula¬ 
tions  to  the  fame  minute  that  the  obfervations 
give,  which  is  a  great  confirmation  of  the  ele¬ 
ments  upon  which  the  calculations  are  founded. 
Thefe  elements  depend  not  only  upon  the  proper 
motion  of  the  fatellite,  but  alfo  on  the  motion  of 
Jupiter  and  his  inequalities,  on  the  motion  of  the 
fun,  on  the  fituation  of  the  nodes  of  the  fatellite, 
and  of  thole  of  Jupiter ,  on  the  mutual  inclination 
of  their  orbits  ^  and  laftly,  on  the  hypolbefis  ufed 
to  determine  the  equation  of  time. 

They  are  always  numerous  enough  to  leave 
room  to  queftion,  whether  any  imperceptible  er¬ 
rors,  to  which  each  of  them  is  expofed,  as  all 
the  elements  of  aftronomy  are,  might  not  make 
fome  error  confiderable  enough  to  require  new 
corrections  in  a  little  time.  We  are  always  atten¬ 
tive  to  them,  to  endeavour  to  bring  the  theory 
1  nearer 
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nearer  and  nearer  to  perfection  ;  but  hitherto  we 
may  be  contented  with  the  Hate  in  which  it  is, 
there  being  no  other  planets  fo  well  regulated, 
that  we  can  determine  the  'phenomena  long  be¬ 
fore,  in  a  time  fo  exaCt,  as  the  eclipfes  of  this 
firft  latellite  of  Jupiter  in  his  ftiadow. 

We  are  not  yet  fo  well  fatisfied  with  the  hypo- 
thsfes  of  the  other  fatellites,  their  fecond  inequa¬ 
lity  is  very  different  from  that  of  the  firft  •,  fo 
that  we  cannot  afcribe  them  by  any  means  to  the 
fame  caufe,  to  which  it  feems  at  firft,  that  the 
fecond  inequality  of  the  firft  fateJIite  might  be 
afcribed,  which  is  that  the  light  of  the  fun, 
which  goes  to  the  fatellite,  and  is  reflected  to 
the  earth,  takes  up  confiderably  more  time  in 
making  this  way,  when  Jupiter  and  his  fatellites 
are  much  farther  from  the  earth  towards  the  con¬ 
junctions  with  the  fun,  than  v/hen  they  are  nearer, 
as  in  the  oppofitions. 

Having  compared  the  obfervations  of  the  e- 
Clipfes  of  the  firft  fatellite  of  Jupiter  made  at 
Marfeilles ,  with  thofe  which  we  made  at  the 
fame  time  at  Paris,  the  difference  of  the  meri¬ 
dians,  which  refults  therefrom  is  i2/  io/7;  hav¬ 
ing  chofen  the  mean  between  the  differences  which 
are  found,  which  is  within  about  a  fecond,  the 
fame. that  was  found  in  the  preceding  years. 

F.  Laval  has  made  a  great  number  of  obfer¬ 
vations  on  Venus ,  in  her  paflfage  over  the  meri¬ 
dian,  whence  he  has  calculated  her  right  afeen- 
fion  and  declination,  which  are  found  conform¬ 
able  to  thofe  which  we  have  determined  by  the 
obfervations  made  at  the  fame  time  at  Paris .  Fie 
has  made  alfo  fome  obfervations  on  mercury  at 
the  meridian,  after  which  we  communicated  to 
him  thofe  which  we  have  made.  We  had  fa- 
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vourable  weather  to  obferve  Venus  in  the  meri¬ 
dian  on  the  day  of  her  conjudion  with  the  lun. 

F.  Laval  has  alfo  obferved  the  fpcts  of  the 
fun,  which  appeared  during  the  year  1705,  and 
he  has  determined  the  fituation  of  them  in  the 
disk  of  the  fun  according  to  the  method  which 
we  have  pradifed  in  concert* 
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f  f 

An  Explanation  of  the  Terms  of 
Art  ufed  i?i  this  Volume ,  which 
were  not  explained  at  the  end  of 
the  frfl  Volume . 

A 

ANimated  needle ,  one  that  has  been  touched 
by  a  loadftone. 

Aqua  fecunda,  the  aqua  fortis ,  which  his  been 
ufed  in  the  diffolution  of  metals,  and  has  thereby 
loft  part  of  its  ftrcngth. 

Arch-ftone ,  or  voujfoir ,  a  ftone  cut  in  the  fhape 
of  a  wedge,  to  form  the  arch  of  a  vault. 

B 

Bivalve-Jhells,  fuch  as  open  with  two  leaves, 
like  folding-doors. 

C 

Cerebellum ,  the  hinder  part  of  the  brain.  It 
is  of  a  firmer  fubftauce  than  the  cerebrum ,  or  the 
fore  part  of  the  brain,  and  of  a  yellow  colour. 

Cerebrum  the  brain.  It  is  ufed  in  contradis¬ 
tinction  from  the  cerebellum ,  or  hinder  part  of 
the  brain. 

D 

Denier ,  a  fmall  piece  of  copper  money  ufed 
in  France . 


Fff  a 


Dura 
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Dura  mater ,  a  Hrong  thick  membrane,  which 
lines  the  infide  of  the  fkull,  and  covers  the  whole 
brain. 

E 

Equilibrium,  an  equal  weight  of  two  bodies, 
when  compared  with  each  other.  When  two  bo¬ 
dies  are  thus  balanced,  they  are  faid  to  be  in  equi¬ 
libria. 

Extrados,  the  outfide  of  a  vault. 

I 

Impoft ,  the  Hone  whereon  the  HrH  arch- Hone 
is  laid. 

Intrados  the  infide  of  a  vault. 


Key  of  a  vault ,  the  Hone  in  the  middle,  which 
is  perpendicular  to  the  horizon. 

•  •  *  < 

M 

Medulla  oblongata,  the  medullary  part  of  the 
cerebrum  and  cerebellum  united. 

I 

O 

Oefophagus,  the  gullet. 

P 

Pineal  gland,  a  fmall  gland  in  the  third  ven¬ 
tricle  of  the  brain,  fo  called  from  its  refero- 
blance  to  a  pine-apple.  Defcartes  fuppoled  it  to 
be  the  feat  of  the  foul. 


Pinion , 
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Pinion ,  a  fmaller  wheel,  which  plays  in  the 
teeth  of  a  longer.  The  notches  of  a  pinion  are 
called  leaves 

Pitta ,  ptay  or  filk-grafs ,  a  fort  of  ananas ,  or 
pine-apple,  which  comes  from  America.  They 
(trip  the  leaves  of  their  fkin,  and  the  infide  is  a 
bunch  of  fine  filky  fibres,  of  which  the  favages 
make  their  fifhing  lines  and  bow-firings,  and  the 
Spaniards  fine  (lockings,  and  other  curious  works. 


V 

Foujfoir ,  fee  arch-Jlone . 
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H  E  following  papers  being  ranged  by  M. 
Fontenelle ,  under  the  head  of  afironomy ,  were 
omitted  in  the  preceding  volumes *,  but  as  they 
conduce  alfo  to  the  improvement  of  geography,  we 
have  thought  it  proper  to  infert  them  in  this  place. 

In  the  MEMOIRS  of  1701. 

1  * . 

VII.  A  comparifon  of  the  principal  phafes  of 
the  eclipje  of  the  moon  Feb.  22,  1701,  ob- 
ferved  in  different  towns  of  Europe,  related 
to  the  academy  June  25,  by  M.  Caffipi. 

At  Collioure. 

The  beginning  could  not  be  obferved  becaufe 
of  the  clouds,  but  by  comparing  together  the 
phafes  of  the  fame  magnitude  before  and  after  the 
middle  of  the  eclipfe, 

h  *'  ft 

The  middle  of  the  eclipfe  was  found  at  11  27  20 
The  total  end  was  obferved  at  12  36  57 

Therefore  the  half  of  the  duration  was  1  9  17 

And  the  beginning  of  the  eclipfe  at  10  18  23 

*  v» 

«  .  • .» 

At  Paris, 

The  clouds  hindered  the  obferving  this  eclipfe, 
but  we  have  found  by  the  feries  of  our  triangles, 
that  this  city  is  more  weftward  than  Paris  by 
3'  of  an  hour  within  about  1",  which  we  fhall 
here  negled: ;  having  therefore  fubft rafted  3'  from 
the  preceding  phafes,  the  beginning  oftheeclipfe 
muft  have  been, 

At  Paris  at  10  15  23 

The  middle  at  11  24  40 

The  end  at  33  57 

We 


2  Addenda. 

We  fhall  make  ufe  of  thefe  phafcs  to  find  the 
difference  of  the  meridians  of  the  other  places 
where  this  eclipfe  has  been  obferved, 

At  Madrid  by  F.  Ulboa  and  Caflani,  jefuits . 

At  Paris.  Diff.  of  the  merit. 
h  /  //  h  ft!  In 

The  beginning  at  9  45  ty - 10  15  23 - 30  6 

The  end  at  12  7  38 - 12  33  57- - 26  19 

The  duration  at  2  22  21 - —  2  18  34 

The  half  1  11  10 - *  1  9  17 

The  middle  10  56  27 - u  24  40 - 28  13 

Thefe  differences  of  the  meridians  are  fc  diffe¬ 
rent  from  one  another,  that  we  cannot  depend 
upon  them.  That  which  is  taken  from  the  end, 
differs  from  that  which  was  formerly  obferved 
from  23  to  24  minutes. 


At  Cordova,  by  D.  Pedro  Antonio  de  Blancas. 


The  beginning 

9  45 

—30 

23 

The  end 

12  1 1 — 

57 

The  duration 

2  26 

The  half 

* 

- 26 

The  middle 

10  58— 

40 

The  difference  taken  from  the  end  feems  to  be 
preferable  to  that  which  is  taken  from  the  other 
phafes. 

At  Pau,  by  F .  Pallu,  a  jefuit . 


The  beginning 
The  end 
The  duration 
The  half 
^he  middle 


10  4 - »i  23 

32  20 - 12  57 

2  16 

1  8 

1 1  12 - 12  40 
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At  Avignon*  by  F.  Bonfa,  a  jefuit. 


The  beginning 
The  end 
The  duration 
The  half 
The  middle 


Diff,  of  the  mtritL 

b  4  h  4  //I 

JO  2 6  44 - ti  II 

12  43  28 -  9  3,1 

2  16  44 
I  8  22 

1 1  35  6 - 10  2.6 


The  difference  taken  from  the  end  agrees  well 

D 

enough  with  the  observations  formerly  made. 


At  Marseilles,  by  F.  Laval,  a  jefuit . 


The  beginning 

10 

28  30 - 

-l3  7 

The  end 

12 

45  40 

-n  4J 

The  duration 

2 

17  10 

The  half 

1 

8  35 

The  middle 

1 2 

37  5 

■12  25 

By  the  fatellites  of 

• 

1 

13  4<> 

By  theeclipfe  of  0  1699 

12  23 

At  Strafburg,  by  M.  Eifemfchmid. 

The  beginning 

10 

37  37 

-22  *4 

The  end 

12 

56  45 

-22  48 

The  duration 

2 

19  8 

Tire  half 

J 

9  34 

The  middle 

1 1 

47  11 - 

•22  31 

By  the  eclipfe  of  0  1699 

2  2  7 

Difference  of  the  meridians 

21  2f 

At  Nuremberg  by  M.  Wurizelbaur. 

The  beginn.  a  little  doubtful 

IQ 

50  * - 

•34  47 

The  end  doubtful 

13 

7  36 

'33  39 

The  duration 

2 

17  36 

The  half 

I 

8  48 

The  middle 

IX 

56  48— 

-34  S 

By  the  fatellites  of  4 

34  33 

1 

At 

4 
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At  Berlin,  by 

The  beginning 

The  end 

The  duration 

The  half 

The  middle 

By  the  middle  of  Tycho 

:  At  Kiel  by 

The  beginning 
The  middle 
The  end 
The  duration 
Magnitude  6\ 


r.  Kirchius. 

Diff.  of  the  merid. 

h  /  //  I  II 

10  15  36- - 44  13 

13  18  40 - 44  43 

2194 
1  9  32 

12  9  8 - 44  28 

- - 44  3  2 

Rehycr. 

h  / 

IO  45 - 

I  2  O - 3  5  20 

13  *5 

2  30 


VIII.  A  comparifon  of  feveral  obfervations 
of  the  eclipfe  of  the Jun ,  Sept.  23,  1699, 
made  in  differ ent  towns  of  Euro  pe 

At  Paris,  in  the  royal  obfervatory  by  Mefif.  Caflini 


and  Maraldi. 

h  1  n 

The  beginning  of  the  eclipfe  at  8150 

Thegreateft  darknefsof  9  dig.  29  min.  927  o 
The  end  10  45  5 

The  duration  2  3°  5 

At  Chatenay,  by  M.  de  Malefieu. 

1  t 

The  beginning  of  the  eclipfe  at  8  1 5 

End  47 

Duration  232 


The  meridian  of  Chatenay  is  very  near  the 
meridian  of  the  obfervatory  to  the  westward* 

At 
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At  Marfeilles  by  M.  Chazelles,  F.  Feuillee,  and 

F.  Laval. 

The  beginning  of  the  eclipfe  obferved  n  £  '  » 

at  Marfeilles  j  3°  3 

By  the  figure  at  Paris  8  17  20 

Difference  of  the  meridians  o  12  43 

The  end  of  the  eclipfe  obferved  at  1 

Marfeilles  J11  1  J3 

By  the  figure  at  Paris  10  49  o 

Difference  of  the  meridians  12  13 

Mean  between  both  12  28 

./&  Avignon,  by  F.  Ronfa,  a  jefuit . 

The  beginning  of  the  eclipie  at  Avignon  8  25  o 


By  the  figure  at  Paris 

8 

16 

40 

Difference  of  the  meridians 

8 

20 

The  end  of  the  eclipfe  at  Avignon 

10 

57 

l7 

By  the  figure  at  Paris 

10 

47 

3° 

Difference  of  the  meridians 

9 

xJ 

47 

Mean 

9 

3 

At  Arles,  by  M.  Davizard 

• 

The  beginning  of  the  eclipfe  at  Arles 

8 

24 

30 

By  the  figure  at  Paris 

8 

1 6 

55 

Difference  of  the  meridians 

0 

7 

35 

The  end  of  the  eclipfe  at  Arles 

10 

53 

3° 

By  the  figure  at  Paris 

10 

46 

10 

Difference  of  the  meridians 

7 

20 

Mean 

7 

27 

At  Rochelle,  by  M.  des  Hayes. 

The  beginning  of  the  eclipfe  at  Rochelle  7  58  17 
By  the  figure  at  Paris  8  ij  o 

Difference  of  the  meridians  14  43 


VoL.  II.  N°.23. 


Iii 


The 
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The  end  of  the  eclipfe  at  Rochelle 
By  the  figure  at  Paris 

Difference  of  the  meridians 
Mean 


h  /  n 
IQ  23  7 

10  37  i 5 
14  8 

14  26 


yf/  Genoa,  by  the  marquis  de  Salvago  and  the 
marquis  Alexander  Grimaldi. 

The  eclipfe  was  already  begun  at|  g  ^ 
Genoa  at 

The  beginning  of  the  eclipfe  by  the  1  g 
figure  at  Paris  ' 

Therefore  the  Difference  of  the  1  27 

meridians  muft  be  lefs  than  3  D 
The  end  of  the  eclipfe  at  Genoa  ii  19  42 

The  end  by  the  figure  at  Paris  10  55  35 

Difference  of  the  meridians  24  7 


At  Lyons,  by  F.  S.  Bonet,  a  jefuit . 

The  eclipfe  was  already  begun  at  Lyons  8  26  25 
By  the  figure  at  Paris  8  16  o 

Therefore  the  difference  of  the  )  10  2" 

meridians  muft  be  lefs  than  S 
The  end  of  the  eclipfe  at  Lyons  10  57  20 

By  the  figure  at  Paris  10  48  20 

Difference  of  the  meridians  9  o 


At  Madrid,  by  the  duke  dTJzeda,  the  Abbe 
Scotti,  and  F.  Kreza,  a  jefuit. 

The  beginning  was  not  obferved  at  Madrid , 


becaufe  of  the  bad  weather. 

The  eclipfe  at  digit  at  Madrid  J  59  45 
By  the  figure  at  Pans  8  23  o 

Difference  of  the  meridians  o  23  15 

The  end  at  Madrid  10  7  o 

By  the  figure  at  Paris  10  29  10 

Difference  of  the  meridians  22  10 


At 
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At  Modena,  by  F.  Fontana,  a  Fbeatin. 


- 1 - J  V  -  —  -  * 

'  >  '  •  f  '  S  '  *  ^  mm 

'  '  ■*  *■  i  »••*.**  4 

The  beginning  at  Modena 

h 

8 

,  / 
55 

// 

0 

By  the  figure  at  Paris 

8 

20 

45 

Difference  of  the  meridians 

o 

34 

*5 

The  end  of  the  eclipfe  at  Modena 

1 1 

33 

20 

By  the  figure  at  Paris 

IO 

59 

10 

Difference  of  the  meridians 

34 

10 

^//Strasburg,  by  Mejf.  Eifenfchmid  < 

1 

and  Schmid. 

The  beginning  of  the  eclipfe  at  Straft 
burg 

s* 

41 

27 

By  the  figure  at  Paris 

8 

f  ^ 

20 

Difference  of  the  meridians 

22 

7 

The  end  of  the  eclipfe  at  Strasburg 

1 1 

15 

21 

By  the  figure  at  Paris 

IO 

54 

0 

Difference  of  the  meridians 

2 1 

2  I 

At  Bolonia,  by  MtJJ.  Manfredi  and  Stancari. 


The  beginning  at  Bolonia 

8 

56  3° 

By  the  figure  at  Paris 

8 

2  I  20 

Difference  of  the  meridians 

35  10 

The  end  of  the  eclipfe  at  Bolonia 

1 1 

36  49 

By  the  figure  at  Paris 

1 1 

1  1 

Difference  of  the  meridians 

35  49 

At  1 2  miles  from  Parma  to  the  weft  by  F. 

tell'i,  a jefuit . 

Becca- 

The  beginning 

8 

55  33 

By  the  figure  at  Paris 

8 

22  0 

Difference  of  the  meridians 

33  3s 

The  end  of  the  eclipfe 

11 

39  54 

Perhaps 

1 1 

36  54 

By  the  figure  at  Paris 

1 1 

2  20 

Difference  of  the  meridians 

34  24 

I  i  i  2 

At 
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At  Nuremburg,  by  M.  Wurfzclbaur. 


h  t  It 

The  beginning  of  the  eclipfe  8  57  14 

By  the  figure  at  Paris  8  22  55 

Difference  of  the  meridians  24  19 

The  end  at  Nuremberg  11  35  56 

By  the  figure  at  Paris  10  59  30 

Difference  of  the  meridians  34  26 

The  mean  34  22 


At  Kiel,  by  M.  Reiher. 


The  end  of  the  eclipfe  11  33  o 

By  the  figure  at  Paris  10  37  15 

Difference  of  the  meridians  35  45 

At  Gripfwald  in  Pomerania,  by  M.  Pyle. 

It  was  obferved  to  be  2}  dig.  eclipfed  at  9  37  0 

By  the  figure  at  Paris  8  44  1 5 

Difference  of  the  meridians  52  45 

The  end  was  obferved  at  1 1  40  30 

By  the  figure  at  Paris  10  47  50 

Difference  of  the  meridians  52  40 


IX.  i The  differences  of  the  longitudes  oj  feve- 
ral  towns  of  France,  taken  from  the  obfer- 
v  at  ions  of  the  eclipfe  of  the  fun  t?/  July  12, 
1684. 

At  Paris,  by  M.  Caffini. 

11  f  H  Taken  from 

The  begi  nning  ot  the  eclipfe  2  26  5 5 the  follow- 

,.,p,  A  A?  9  0  in8  phafes 

i.  he  enCl  4  43  3 obferved  im¬ 

mediate  iy. 

At  Aix  in  Provence,  by  M.  !e  Prieur  Gaultier. 

■  The  beginning  at  2  54  30 

The  end  5  9  ^ 


The 
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ThehouroFtheendat  the  me- 1  h  *  " 

ridian  at  Paris  by  the  figure  J  ^  ° 

Difference  of  the  meridians  14  6totheeaft 
Difference  of  longitude  30  31  30 

yf/  Avignon,  by  F.  Bonfa. 

The  beginning  2  43  27 

The  end  5  4  37 

The  hour  of  the  end  at  theme-  \  r 
ridian  of  Paris  by  the  figure  3^5  3 

Difference  of  the  meridians  8  34  t0  the  eaft 

Difference  of  longitude  20  8  30 


At  Lyons,  by  F.  Hofte, 

* 

The  end  of  the  eclipfe  4  59  29 

The  time  of  the  end  at  the  me- 1 
ridian  of  Paris  by  the  figure  5  4  51  20 
Difference  of  the  meridians  8  o  to  the  «aft 

Difference  of  longitude  2°  o  o 


At  Honfleur,  by  M.  de  Glos,  profeffor  of  hydro¬ 
graphy . 


The  beginning  of  the  eclipfe 
The  end 

The  time  of  the  end  at  the  me* 
ridian  of  Paris  by  the  figure 
Difference  of  the  meridians 
Difference  of  the  longitude 


2  15  o 
4  35  3° 

}  4  42  O 

6  30 
i°  37  30 


to  the  weft 


At  Pau,  by  F.  Richaud. 

The  end  of  the  eclipfe  3  45  o 

The  timeof theend  at  the  me-  ? 

ridian  of  Paris  by  the  figure  3  4  54  ° 

Difference  of  the  meridians  9  O  to  the  weft 


Before 


3 


JO 


.  A  V  X>  E  N  D  A. 

Before  Rqfcs,  by  M.  Chazelies. 


x  iiv, 

The  end 

The  timeof the  end  at  the  me-  ? 
ridian  of  Paris  by  the  figure  V 
Difference  of  the  meridians 
Difference  of  longitudes 


•  ,  •  f  T 


4  O  to  the  eaft 


This  laft  obfervation  which  thews  Rofes  to  be 
more  eaftward  than  Paris  by  a  degree  fhews,  that 
the  meridian  of  Paris  does  not  go  to  Perpignan, 
as  in  the  maps  of  France ,  but  that  it  paffes  thro’ 
the  weftern  mountains  of  Rouffitlon. 

This  determination,  which  then  feerned  ex¬ 
traordinary,  has  been  confirmed  by  the  meridian 
of  the  obfervatory,  being  prolonged  to  thele 
mountains  in  1701. 

M.  Maraldi  had  ufed  it  in  his  map  of  France, 
publifhed  by  the  Sieur  Jaillot  in  1700.  which  is 
the  firft  where  the  meridian  of  Paris  has  been 
directed  thro’  France  to  its  true  meridional  bound 
in  the  Pyreneans . 


ri 
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